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“To the child in whose education nature and science have

occupied a significant place, life is a richer and a fuller adventure,”
wrote Helen Heffernan in the preface to the 1932 Suggested Course
of Study in Science for Elementary Schools. Miss Heffernan, who
is truly one of California’s most outstanding educators,”and the
others who worked with her are to be congratulated for their

pioneer efforts in developing the genesis of a state framework for

science. ,
Two years later Miss Heffernan, who was then the Chief of the

Division of :Elementary Education and Rural Schools, and several
other highly respected educators in the state' prepared the firstin a
series of guides for teaching science. The guides, which were

. published over a period of almost ten years, carried such titles as

Tide-Pool Animals; Winter Birds; Earth Tremors; Frogs, Toads,
and Salamanders; and Termites. And the first guide in the series,
Suggestions to Teachers for-the Science Program in Elementary
Schools, identified the major objectives that should be attained
through science instruction: ' « '

1. An understanding of cause and effect relationships in connec-

tion with the natural phenomena which he [the student] is

likely to’encounter. . A
An understanding of the contributions of science to modern

life.

o

\- 3. An awareness of the challenging interests in the various fields

of _science. -
4. An understanding of the local laws dealing with the conser-
vation of wildlife. .

5. The acquisition of skill in the scientific method of problem‘.

solving. - ] i
. . [4
6. An appreciation of the beauty and resources of nature.

Even though the emphasis and degree of complexity‘rr'lay be
different, those six objectives from 1934 are not téo much unlike
the objectives you will find in chapter 3 of this 1978 framework.
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1 do not know what I may
appear to the world; but to
myself I seem to have been only
like a boy playing on the
seashore, and diverting myself in
now and then finding a smoother
pebble or a prettier shell than
ordinary, whilst the great ocean
of truth lay all’ undiscovered
-before me. .

Sir Isaac Newton, 1642—1727

‘ - 3

The comparison, it seenm to mé, reermphasizes the importance of

our building on the past while making changes that reflect advances
that have been made and meet the needs of obur times.

The fact that Helen Heffernan was not content with the publish-
ing of one course of study in science in 1982 is illustrative of the
career of this forward-looking individudl and others like her who

have always worked so diligently to build on the past for a better -

future for our children. It was especially true when Miss Heffernan
and 18 other leading educators accepted former Superintendent
Roy E. Simpson’s cha]lenge 1n 1947 to develop the first F ramework
for Public Education in California. They worked three years on the
task from the point of view-that “‘the interests of all citizens will be
best served as public education s unified through the consistent
application of commonly accepted. purposés and principles of
action at all levels and in all fields of the curriculum.”

Although documents produceﬂn earlier times might have been
considered frameworks,” the '1950 pubhcauon was the first to carry -

the framework title. When the committee first began its work, the
members agreed that the end product would be called a frame-
work,"" because the document, they said, “would be ske]etal in
structure, giving form and shape, strength and unity to all aspects
of our rapidly expanding program of public educition.”

In the 28 vears since that first framework was produced, the State "
" Department of Education has published frameworks in 12 different

curricular areas. And several of those documents, including this
one 1n science, have undergone significant revisions, thus continu-

-1ng, the tradition of improving-on that which has gone before.

I congratulate all of those whose names appear on pages xi and
xii of this document for the fine work they have done in giving us a
new framework in science~a document that reflects the needs and
interests. of our times and that continues the- pioneer work my
friend Helen Heffernan and others began so many years ago. As

she reminded her readers in the 1932 course of study, I remigd you

today,” “"The teacher who builds a knowledge of and a scientific .

attitude toward the natural phenomenon which is everywhere
about the child has immeasurably enriched his life.” I am hopeful
that this framework will help teachers in their most important
work of ennchmg lives and showing each child his or her place as
caretaker in the world of living things. | : R
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‘Introduction

~_
Since the end of World War II.. knowledge and technology have
. increased at a phenomenal rate. Societal values and attitudes
' ¢ wsward science have fluctuated, and priorities and goals of science
' programs havé chianged. Immediately after World War II, science
and science_education ‘were considered to be among the most
important subjects to be taught in the schools. Support for science
throughout the nation was profound in- terms of funds, curric-
~: ulum, and staff. In most casés, however, such stipport is no longer
available. General public encouragement, interest, and emphasis
in science education have leveled off-to a great extent and in some
Y cases have shown a downward trend as a result of other pressures
and priorities. The lessening of emphasis in science has been most
evident in kindergarten through grade six, but in general the trend
g has also been observed in secondary schools. Whether thig trend
s continues, levels off, or turns around should be of serious coqcern
y ”. ‘ to persons in industry, education, and thé public at large.\ .
\ . ~ While many believe in thecapability of science and technolpgy
o ' to solve a large number of humanify's pressing problems' dpd |
. . while opportunities for work tn areas of technology and scienke. -
continue to grow, studies generally show that voluntary scien
o enrollments on a percentage basis (grades seven through twelve
\ are at a plateau or are declining slightly. Therefore, an apparent . -
paradox exists; Many exemplary programs can be found through-
qut-' saliformia, but as a whole science education s struggling in
B .many of the schools, particularly in kindergarten through grade
six. The attitu-deS'a'nd feelings children have toward formal school
. .« science programs develop at an early stage in their education, and -
) - schools need to attend to the development of the students’ interests,
’ skills,*and know¥edge in the sciences. In relation to some other
school subjects, the current status-of science instruction is low in
~ many schools. At the same time the need is great for individuals
' ‘ . and sotiety to keep pace with the increase in scientific and tech-
" nological knowledge, even-though it can be a frustrating and

-

i

. . .
{ 'Frank Press. *‘Science and Technology: The Road Ahead,” Science, Vol. 200, No. 4843
. ' (May 19, 1978), 737—41. — s
14 - & .
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demanding, cchrié‘m:e Thus, teachers and administrators have an
1mportant task of reevaluating the present status of science educa-
tion in their schools to determine the future needs of students and
the community that the school serves. .
‘A*concern [or teaching methodology becomés a significant
aspect of the reappraisal.of the status of science instruction. There
is no end to knowledge; therefore, generalizations and concepts in
the subject matter of science to be taught in:the schools become
1mportant (onslderauons in restructuring science teaching. Inter-
disciplinary or 1megmtcd approaches to.science education can be
COllbldu‘ed as one way of making scwnce relcvam for students and

.

> -

The teachmng of science in traditional ways needs to change in
order to help students know or. c\penenu science 1n relation to
theifenvironment. Science lcammgS’are important in themselves;
however, the desigm and intent of science programs for kmder-

'qam'n through grade twelve should take into account the prac-

ticality, probable use, timelessness, reasoning process, social appli-
cation, and the value of sciénce education for all students through-
out their lives. &ny‘«‘scwnce program design should include some
experiences in the processes of §cience. Studen(s can mse such skills
as. obscrung hypothesizing, calculaung locating 1nformation,
measuring, C\plammg’ summarmng, and- other related process
skills, b@th in setence and in other areas of learning. For many
students thesend product might not be specific scienufic knowl-

edge but the development of attitudes of wonder and exploration

(

and continued learning. -

Two recent studies are cued here to provnde educators with’
.information concerning the statys of science in California elemen-

tary schools and prowdmg 1nstrucuon for ‘general 5c1cnuf1c

lucrdcw :
A recent doctoral stud\ titled An Assessment of Science Pro-

grams in Calz/ornza Elementary Schools sums up information that

many persons thought was true but was not supported by research.

\llhough no study presents a perfect compilation of all statistics -

and information, this research can bevaluable to  educators who
are concerned with improving the quality of science education.
The findings of the study incl e.the folIowmg (with the page
numbers_on which the mforma oh appears in the doctoral'{hesm
cued in parentheses): - N L

’

. Only 5 percent of California school districts emplox full-time
science spccxallsts (pp- 1, 203).

- Student par[lupduon In science Ztuvmes averages 44emmutes

per week in elementary schools (pp.103, 215).

3. Over 10 percent of the elementary. teachers surveyed rated
their own ability in science as below average when compared
with' other sub}c’cts and felt they did not have the skills to
teach -science processes and concepts (p. 203).

- . X
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- 4. 45 percent of the elementary teachers and administrators, ) L
predicted that less money [or instructional materials will be
spent on science, because state funds provided for inst&yc- .
tional materials fnay be spent on any subject area as districts s
or schools see fit (within the established guidelinesi(p. 167).
5. ‘Although teachers expressed their support for the “hands on™ .. . ,
concept, most continue to use textbogks (56~ percenit) or . (,
¥ teacher-made written materials (37 percent) as the basis for. ’
their $cience instructional programs (pp. 2.%).
. 6. Although science Kkits or systems have been purchased by
" many schools or districts, only 5 percent of the teachers use-
them extensively (p. 3). , o
7. Many respondents®xpressed the fecling that other subjects
took a priority in time over science (p. 36).° o )

C

A recent article in the Science Teacher suggested that science : .
- instruction could be improved by (1) providing thé student with a
. variety of learning approaches; or (2) matghing the student with a
teache: ' ase instructional style more closely matched the person-
ality ¢ :h- :udent.® Student personality stvles were identified by
the usc o1 the Myers-Briggs Type Indicator. A strong plea was
made to create a wider spectrum of instructional choices in order to ta
increase ‘general scientific literacy as well as to improve instruction '
for the science-oriented student.. , - . * &>
In view of growing concerns among science educators about‘the :
current status of séience in the schools, there is a need for a new
focus on the importance of science education. * : ,
_In this Stience Framework emphasis is placed on ways school : : &
personnel can change the environment of science instruction and S )
motivate student interest-in science more effectively. Suggestions -
are given for developinghuman being. whonot only realize the
. value of science to themselves und others but also understand the. . § =
importance of scierice in providing a livable environment in a : - )
shrinking world. The emphasis on reasoning and the relevance of e
science can be obrained through  strong, interesting, and non- ‘
threatening curriculum design. The challenge to give science A
education a higher prioritv in the curriculum structure must start
with concerned tduce rs. The Science Framework is one tool .
these educators can use In he process. AN r
. The Science Framework ‘s organized into four chapters and six
appendixes, Chapter 1 discusses the acquisition and organization
of knowledge in respect to developing broad generalizations and -
concepts. The chapter defines what science is and how it can be ‘
applied to the-lea?‘lcr. curriculum, and society. ’ ' s _ o

2Eugene H. Brown, An Assessnent of Science Programs in California Elementary .
‘Schools, Berkeley: University of California, 1977 (doctoral lhc_'si's). _ _ ‘\

sMary Budd Rowe. “Who Chooses Sciencez(33Profile,” Science Teacher, Vol. 45, No. 4 - N . , '
(April. 1978), 25=—28. : :

s ) ' ) o - -
i s g X _ 1.&
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Chapter 2 provxdcs informaton from the latest rescarch and

suggests strategies for changmg the scierfce curriculum and design-

Ing new and vital programs. The steps in the development of a
science curriculum are described.

Chapter 3 suggests the four broad goals of science educauon for
kxnd(rgarten through grade twelve. Khese .goals fall into four
areas: attitudé, thinking processes, skills (fnampulatwe and com-
municative). and knowledge. Terminal objectives, examples ‘of
learner . bchavlor and the appropriate grade levels where the be-
havior is likely to be observed are categorized.

Chapter 4 describes.the components of a good learning environ-
ment and suggests instructional strategies that can be used to
achieve the four goals of science. It provigdes a modet for evaluating
progress toward student terminal objectives and gives examples of
teacher behavior for each objective. Numerous evaluation tech-
niques are suggested, and methods of evaluating learner perfor-
mance are described. , ’

The appendmes to the Sczence Framework prowde SpClelC
information for those teachers and “administrators who will be
usmg the framework. In Appendix A the major conceptual organi-
zations of scientific knowledge are described. Appendix B presents

the currcml\ approved criteria that are tised in evaluating instruc-

tional materials. The design for deqxsxon making presented in
Appendix C identifies responsibilities in curriculum development
at the policy, curriculum, and 1nstrucnondl levels. Append.lx Disa
self-assessment checklist for teachers. Appendix E is an instrument

districts can use to measure: the professional growth of teachers of

sclence. Appendn F presents information on - developmg%nd
‘xssess.mg science instruction skills.

’ i
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‘Science:
-.Definitions,-

bharactenshcs
- and -
Relatlonsmps

< Y ]

- Modern soczetzes accepted the
treasures and the ‘power that .
science laid in their laps. But
they have not accepted . . 18

* profounder message: the defn-

_ing of a new and unique source

of truth.

. Jacques \‘lonod
. Chance and®Necessity. page 170
Translated from the French by
. . Austryn Wainhouse
s  Copyright 1971 by Alfred A
- Knopf, Inc. 5
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around them. * ... o

Modern soemues are buxlt largely upon saenceand its offspring,

. 'technologv H&man bemgs constantly are being reminded of this—in,

_ their ‘use 'of* communication, transportation, housing, clothing,
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food water, and energy. It is important to learn about. the scientific -

i facts and distoveriés.that human beings have turned to their use. -

The countless bénefits of science confer an -obligation on teachiers.

: and learners ilike.- This obligation is to understarid ‘and practice’
Ty by
“vigorous[y adhermg to \ijecuvny, to an unwsmg search

‘the pursmt "ol o‘b;ecuve knowledge as the source of tmth

for factsf‘ €an sc1ence sarvive and flourish

of this pursuit -

comes liberation \frarp shpersunon and a,deepened understandmg'

of people, and of \thexy universe. .

Befox“epeople €can- beg'm to consider the impact of science on the .

- world arofad them, they need to have a definition of science. Many

such defmmons exxst these generally can be divided into two
categories. .

In the first categon:\y
collected’ kn0w1ed
‘ciples, 'laws, and
who take Ltps' view:talk about scie
content—the facts, pmnapies, and Ia

ey

compnsed of interconnected sets of prin-
Yeories that- explam the universe. When people
, they refer only to 1Its ¢

-

In the second categbry of defrmuons sc1ence 1s v1ewed asasetof |
processes that .can_be used to” systemaucally acquire and refin€ ’
information. People who take this view ‘conslder the,scientific
enterprise to be a set of. processes; far obtaining information.

g the purposeg)of' this framework the"definitiont of science
encompasses both points of view because one point of view cannot
" be learned or understood without the other. Through observation

~ and experiment ‘the scientist assembles- facts about natyre. He or

- she. then ‘seeks relationships that will link these facts into- a,

cohe nt and useful network. In such a scientific enterprise; the

,locks whlle processmg ana reProcessmg pr%cedures serve ,to

. \,__\ ’ . s .
.

"u R . "

- o -
'\. - .

of defmmons, science is viewed a’g a body. of'

-~

-

s used to descrlbe the worldf

§, principles, and’ laws. serve .as knowledge-comem building. :

Loy
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. - - organize and refine the building blocks. The dynamic relationship,

R \ . between systematic processes and pieces of knowledge is the essence of

L ‘the enterprise. Thus, science is the acquiring and organizing of .

knowledge “in such a way that natural phenomena are more
adequately explained and their usefulness..to human beings is

-énhanced._ - - . . . S

“ .= Science-as a Way to -Acquire Knowledge

”~
-

‘ .. - Thé¢ main route to scientific knowledge is through observing,
. ' o .o “which can be characterized as a distinct process. When used in
‘ _ scientific research,- observing is an attentive .and intentionally
. .o _ebjective activity that serves t0 answer specificquestions. Describ-
o : .o & ing is a more sophisticated process. It requires that thgattributes of
. . - the observed- object be distinguished from. one;:anotger. One can
 observé an object;as a whole, but describing requires attention. to
parts. Comparing is a progess by which one systematicallyfooks at .. ,
. R : . objects in relation to- other objects, identifying likenesses and °
g Yo “differénces. This procéss allows a scientist to begin the more
’ o o complex process of classifying. Many other processes can be idend--
' " fied. Some processes, such as hypothesizing, expertmenting, infer-"
ring, and predicting, consist of one or mare of the previously
mentioned activities. Lo ' I
All of these scientific processes can be learned; more individuals
have learned to be scientists in the past’50 years than«in all previous
human history. Teachers cannot, of course, teach studets to make
great discoveries, but they should be able to desfribe sfne aspects
of how discoveries are made. Scientists owe mu 1 of their sticcess,
for example in the conquest of disease, to the way they have been
able to ddentify, use, and refine the scientific processes that lead to
new knowledge. By using these processes, human beings have been .
able to organize knowledge and develop a clearer understanding of _

&

« ° nature. ' : .

s,

'Il.l A
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Science as a Way .to Organize Knowlcdgé'

i P .o . Y )
Facts alone do not constitute ‘sC1&Ce; SClence ex1sts only when
‘relationships among facts are established. As facts are interrelated,
organizations of knowledge result. L C
Even when the facts are dbservable, their relationships .may be-
_ . E difficult to perceive. Human beings devise organizations that seem-,
& y , to fit the facts they observe. The scientist tries to build, step-by- .
, dtep, a conceptual model of a possible organization, probing and
7 testing each step. The procedure of testing whether a model of the
<4 ' relationship remairts consistent with the facts when a new fact-is
_ ‘added is crucial. The scientist must use a model to make a
) ' prediction. If a new fact contradicts the prediction, the scientist
knaws the model wasjat least in part, in error.
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‘When thie fact conforms to the prediction, it supports the model.

" But'support is not proof 1o the scientist. The new supporting-fact

is added to existing knowledge; ‘it confirms the application: of the

- model and.widens its range, but it cannot be decisive or show that -
" the model ‘is universal. One purpose of experimentatior 1s to

uncover. a situation in which' the model fails: As a result 6f such

. experimentation, some organizations of knowledge of 100 years

ago appear crude and primitive.today. Such models must be *

" continuously refined, updated, or replaced.

“" The very nature of the sciéntific-enterprise is to (1) generate and |

tést’ conceptual organizations Or’ generalizations that provide

“models for the understanding of how certain facts are related; and -
(2) continually search for greater and greater generalizations. The

7 >. L3 > ctal . . -
* result Is the production of broader, more comprehensive concepts

> and, at the same time, the: reduction of diverse ideas to fewer -
s concepts. This is precisely the basis for- scientific, progress.
“The.major eoncepts with which facthal data are explained and

" related in‘each ‘major discipline (e.g., fstronomy, biology, geology,
.. ‘chemistry,'and the like) are readily aailable. One can make broad

-

~

- and comprehensive generalizations{that are basic to many dis-

s ciplines and that interzelate the manyfacts and principles of all the

. Appendix A..

sciences. - Examples of some_of these "basic conceptual general-
! ‘

. %
) ~ N

izations of scientific knowledge are presemﬁi with explanationsin . -

H
\

‘ Science and- Society \

_The ability of scientists to generate new knoW'({edge 'i}oné of the

* world’s major econonii¢ and social assets. Support for'research to

generate more knowledge -and to apply that knb\‘w_leﬁﬁge has been
strong, but.this support recently has become a political 1ssue. Some

-results of research and development certainly have \l;enefited hu-
'mankind. ‘People today have a greater abundancg of;food an L a-

‘tion of natural resources.

greater freedom from-disease than did people in earlier generations -

and - nonscience:oriented | societies. Other results have had an

unfavorab}é impact .on the environment. Human "health can be
affected adversely by polluted air, water, and soil. The future
survival of:the world’s population is being affected by the deple-

LN

* ' Science, ‘technology; and societal cogéérns are intimately >elated,
and individuals must become aware o%theqapid changes that may
directly affect their welfare. For example, the replacement of
people by machines has had an enormous economic benefit. The
rend toward automation that allows one tadividual to perform the
tasks of . many and the trend toward computerized data processing
require- that some consideration be given to the consequences. If

- society is to maintain full employment, the leisure time available

to*él:tu'rc citizens will be unequaled in ‘history. The beneficial use

Q ..
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- e of this time for the 1nd1V1dual and for the nation must. be an issue
of high Priority. ‘ -
"Other science-initiated trends should cause soc1ety to rethlnk its -
goals and’beliefs. Progress in the medical sciences, “for example,
. ‘has_increased the need for an: understand1ng of the process of
#. aging. This same progress has led to a reconsideration of the 1ssue
' of euthanasia. How much value human beings place on life and,
. indeed, how they define the guality of that life are not strictly
 scientific quesuons bur are part of the presuppositions from
- " which scientist§ begin. The economic considerations inherert in
“thesuse of artifi&al internal organs require that people understand
- Lh‘g problems assotiated with their use.-General concerns, such as
: the purity of foods, the guahty of the environment, and the health
' ‘and safety of people, aresnot matters for science alone—economical,
Sethical, and political factofs may dominate these issues.
©  Informed people will' be able to recognize that many major .
forces in society affect the learner, the schools, and science..Such
individuals will know that science and technolﬁ)gy are necessary
“but not sufficient in themselves to solve most of society’s problems.

Science and the Curriculum N

- a -

The production of .new scientific knowledge and 1its importance
to'the progress of our culture make increasing demands upon
+  schools and the science curriculum. Recognizing that it is not
p0551ble to predict what knowledge and processes are most likely to
be valuable to individuals-a dozen years from now, instructors,
curriculum designers, and other educators must focus upon a few
basig prlnc1ples and processes. These can be used to guide the -
learner to -think ‘rationally and to continyally test his or her
‘opinions, beliefs, and concepts against observablé phenomena. By
o instructing young people in these basic principles and processes,
*>5 teachers of science can contribute to the attainment of a competent,
orderly, and humane 5ociety, one in ‘which the individual under-
stands the functions.of science. In such a society scientific research .
‘can help prov1de maximum opportunlues and ben,efns for the -
- Yndividual. .-

Wlthln the whole cuz;nculurn of the school, science can be a
leavening ingredient. It can enhance” language development by~
providing learners with opportunities to'read, write, speak, and.
* listen as well as by giving them expenences that are worth reading,
writing, arfd speaking about. Science .instruction can provide the
ex riential basis for young people to form concepts that, turn,
necessitate the development. of vocabulary S i .

- - As with language instruction,-s¢ience can reinforce t.he t hing
- _ of mathematics by demanding frequent application of mathemat-
= ical skllls and by prosiding oc:#sxons for pracuce. Science instruc-
' uon WIIh its accompanyxng laboratory activities, can make such

- -~ . . . -

y . . ) . . -




skills more interesting, more useful, and more applicable to “real -
* life situatiorrs:”" Students can learn why there is a “best’.part of a
- bat for hitting a ball. In metal shop students can learn why metals
. crack when they are bent too many times.

Practxcally every subject in thé curriculum can be related 1n b

- sbme way to science. The science curriculusm-sheuld bedesigned in
sucha way that t relationships are emphasized at every oppor-
. ) i ‘ -

. -

/ Scxence and the Learner !

-Schools are. cornposed of students who' have.a wide range of

diverse charactensncs These differences are influenced by genettcs

" culture, society, énvironmental conditions, levels of aspiration,
~and other factors ‘Because of these diversities,- the intellectual
growth of, studen.ts requires.a science curriculum that is made up of
different sub]ects that are taught through a rich'array of instruc-
 tional techmqur:sL Such subjects should be paced at a rat€ that
. ensures steady progress, and they should be designed to bring each
student to his or her. maximumr potential as a self-directed learner.
" Science instruction can play a significant role in developing

each -student’s 'potential. It should gulde the student toward the

' rational resolution 6f problemis, and it should emphasize both the
worth. of thinking for'oneself and the difference between fact and
opinion. The critical attitudes fostered by the study of science may
jndeed ‘be essential. for the successful £unctlon1ng of a democracy.

. Our political ‘system requires from its citizens.maximum-under--

standing of howto benef1c1a11y apply and control technology

-This understandmg cannot be realized without successful Instruc- -

tion in science.

Instruction " in science should make the learner aware af the
many. career opportumt;es that cangesult from studies in science.
Indeed, in the contemporary worlc'gr one hardly can imagine any
career that would not be made more éffectlve by a knowledge of
science: L. o
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IR D -~ al " Many of the federally sponsered science curricula of the -1950s
- OSIQ n ~ and the 1960s were conceived in terms of the science concepts and
I ' " processes that were believed to.be the most important to be taught.

o nd - Although these are'still valid, a contemporary science curriculum

- ) is broader in concept, moving toward science that is interrelated

4 Ch qa n e - with human problems and with life in a camplex society. Science
LA ul ‘ g is viewed as basic for-all students, regardless of vocational or career

.+ plans. Knowledge, when it is used in real life issues, builds cross-

- . .
: In : disciplinary curricula. The term curriculum itself is derived froma

+* © * Latin word rélated to action. Therefore, in this framework, the

.-' ..: (. . b '.
s SCIence . . curriculum is conceived as the combination of learning experi- -

ences provided by a school district for its students.

Curricula ~ Although one can identify. many possible combinations of ‘ex-
‘ ‘ periences that can be used to develop curricula, certain’ common

components exist. These include an underlying philosephy that

involves learning theories; a view of the society ag’xd learners served
with an assessment of needs; overall goals and

3
<
-

consistent with the goals of science education; a scope and se-’
“ L . quence; a collection of learning activities, which at a district level
« © must be useful to a variety of teachers and learners; resources; and
) an evaluation plan that includes the examination of both-long-
. term and short-term results. _ '
L , “The total curriculum should include a descriptjon of the meth-
Science”s not dm_;rely a colli';_ifon ods by which the goals and objectives are to be achieved. 1hese
‘ 0{’ -({f:“ lf :.'S"te li’:’na"a;'":zf . - “goals and objectives for. science instruction are described iry Chap-
zuman ¥ ;’ ving adveriute of - ter 3 under the categories of (1)scientific attitudes; (2) ratignal and
PEss " ) . creative thinking processes; (3),manipulative and com unicative -
‘Howard’J. Hausman ~ . skills; and (4) scientific knowledge. These broad goals.ate common -
~ Choosing @ Sgience Program Jor 10 the biological, physical, earth, and space sciences, These goals,
the Elementary School, page 45 h : d hi ‘ h ' d th dure : d :
Copyright 1976 by the Council for » the means used to achieve them, and the procedures used to assess
. Basi¢ Education, Washington, . achievement are derived from one or more educational philoso-
DEC - _ - phies. . : '
' - ‘ . * " This document was conceived from an é&clectic philosophy.
' 170cal school philosophies vary, but if the science curriculum is to
. = . L. . s — .
N . \\-_' . - - - -
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‘be effective, the underlying phxlosophy, the mstmcuonal sequen-

ces, and the chosen materials must be consistent with each other.
This idea of consistency encompasses the attitudes, needs, and
concerns of students, teachers, artrd members of the local commu-
nity. The-scienee. curriculum has some flexibility, and it varies.
with the changing events in science and with the current needs of
the students, the school, and the communuy, however, it must
include. content from each of "the major scientific disciplines.
The designing, changing, developing, and implementing of a
curriculum are parts of a cyclic process that involves not only
school personnel but also students, their. parents, a:*nher meém-,
bers of the community. A systematictdesign for curriculum plan-
ning is ifperative if personnel, materials, space, time, and funds.

- are to be used effectively. A curriculum design deals with conflicts -

mg conceptions, of the school’s philosophy, its goals and objec--

tives, and the ways to orgamze to meet these goals.and objectives as

well as fulfill the asplrauons of the students and parents. -

The organization of the science curriculum may be hased ori
science content knowledge by topic, by concept, or by procéss. It
may even be based on the instructional methods or materials to be
used. Some curricula provide a tightly sequenced hlerarchy of
concepts and/or processes. Ot ers provide mdependem units or
topics that can be used flexibly.to meet local needs;-still others
mcorporate an entire system of instructiofi. No one pattern of

writers of the curriculum. SR

 Most sciénce curricula_ reflect: one or more "5t the following .
- current trends-in teaching-learning theories: the use of the inter-

dxscxphpary approach that involves ‘mathematics, the arts, social
sciences, industrial arts, and language arts; flexxblhty to meet
individual needs and personal valug systems; more-ele l?.rves at the
high school level and/or _minicourses based upon’interests of
students; acunty-orlented experiences for md;wdual students or
groups; recognition of the contributions made to science by men

“and women of all races and religions; experiences outside the

classroom; indépendent career explorations for both science and -
nonscience career students; and greater emphasxs on the use of
science. _ g . ®

"To incorporate any of these trends, desxgﬁcrs of a science. curric-
ulum should do the following: . -

1. Determine .the status of the current. science curnculum by
performing an assessmient and establishing pno.rmes '

4

© 2> Determine what is desired in a new or madified science curric-

ulum by (1) formulating goals and objectives; (2) identifying
: and previewing new programs and materials; and (3) determm-

-

<2

@

' orgamzauon is superior. But regardless of the orgamzanonal focus -
that is adopted, the concepts processes, units, equipment, mate- °
rials, and systematic instruction must be consxdered fully by the



ing the orgamzauon scope, and sequence of the desired cur-
“riculum.

3. Establish plans for achlevmg what is desired by (1) selectmg
and organizing materials“and other resources; (2) modifying
and developing the teachmg-learnmg experiences; and (3).iden-
tfying the. 1mp1ementat10‘n and staff development needs.

4. Evaluate the science curriculum by determining what is to be
evaluated and how and when the evaluation will be made.-

‘Status of the Current Science Curriculum

To develop a new science curriculum,-one first must learn the
.status of current programs. The existing programs must be assessed
thotoughly by the instructional staff through ‘contacts with other
teachers, administrators, support personnel, students, parents ‘and

~ school board members. Cooperation from all participants and

effectlve communication are especially 1mportanr to this assess-
" ment. Also, the entire process of ‘assessment is made easier if
timelines are established to indicate when p-rogram and student
evaluations will occur.” '

~

Performmg' an Assessmeﬁt ' - .

-

Numerous components “for a science curriculum must be con-
si'dered in an assessment. The checklist shown in Figure 1 can serve

asa gulde to obtaining information on the major components it
can be modlfled or expanded by the user. :

Estabhshmg Pnonu&x

When_the assessment. data ‘have been gathered and* analyzed
cnucal priorities can be 1denuf1ed These can become the base for
planning ‘goals that will direct further science programmmg and
development. The. individuals involved in science curriculum
development -and decision makmg must( continually assess the
processes by which ¢ufriculum priorities are established. The data-
from the assessment can be synthesized into several levels of
pnormes critical, important, and desirable. A science curriculum
cannot be developed without regard for the entire school curric-
ulum, and a balanced school cumculum includes science instruc-
tion. .

.Priorities may continue to change because of changmg circum-
stances, but the critical priorities: serve as strands for the science
‘planning process. '

Many different strategies can be used to develop:a new science™
program or to redesign an existing one. The determination of what

is desired is based on analyzed data gdthered in the assessment and

“on the philosophy, goals, and objectives established by the cur-

- riculum designers. The general organization, scope and sequence,
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and some leammg activities are also mcluded in what is desired;.
but for plans to become operational, priorities-have to be deteri
" 'mined. The pnormes that are decided upon become the focal point i
for achieving what is desired. The décision ‘of whether to create,
adopt, or adapt science curricula requlres " knowledge of what
choices are available. Curriculum decision makers have the respon-
sibility to provide the psvchologlcal and. techmcal support that is

" needed to 1mplemem the curriculum.

o

S

Areas to check

Current |

Learner .
‘Achieveneny of scrence education goals:
® Scientific attitudes. interests, and auitudes toward
science
® Thinking processes

® Manipulative and communicative skills ~
- @ Scirnce knowledge (content)
. Culwral. community background
Lungugge background y -
-
Currem Scxence Program -
Current written and opt.ranonal science curriculum - : :
Teaching-learning environment (See Chapter 4.y .
Location of science program in school o
Organization [or instruction (self-contained. team u.nch- - o
ing. and (h( like) . ! . )
[ime spent in preparing for and instructing in science
Instructing iechniques .
Stfdent grouping patterns -
Processes for evaluating learners. .md the science program ,
- ’

. Legal. restrictions (.mmmls safety regilations. and the
“hike) . . N

T
-

Instructional Staff ° -

Sl attitudes and interests

Sl skills and talents @administrative. classroom, and
nonclasstoom)

Safl processes (group cammunication. decision m.akm;,

and s(h(x)l climidte)
4

Resources for Science = . -

Availability of Science personnel ) .
Science equipment and instructional m.urn.nls
- Science fucilities (clfssrooms, labs, library, and the llL()’

Consyltants’ . .

Money . .

Commumty

Attitudes toward the s hool and science pmqmm

Interest and support
Attendance at sehool {un(nons and activities

Monetarv-materials-service support

T
3
a

“ h‘

-Fig. 1. Scnence curr;ulum assessment checklist

%



. Determmanon of What Is Desired
, in the Curriculum

When the current science cumculum has been assessed and the
priorities have been identified, curriculum designers must formu-
late their goals and objectives and preview the available instruc-
tional materials in science. The preview process and visitations to
schools with exemplary science programs should aid the school
staff 1n deterrnmmg what is desired and what char;ges need to be
made. .

Formulatmg Goals and Ob]CCthCS

The priorities 1dennfled as a result of the analvsxs of the infor-

mation gathered from the assessment become the planmng goals. "

For example, the data gathered mlght indicate there is no formal
assessment of the learners at certain grade levels regarding achieve-
ment of the science program -goals and objectives. A critical

planning goal then would be the development of an assessment -

program to measure the achievement of the goals established for
the science program. ~

Other: planning goals and objectives are related to identified
priority areas. Examples of identified priorities might be staff
development activities, facility improvement, support for the sci-
ence program, or community involvement: The goals and objec-
-tives should be formalized on the basis of the actual priorities that
have been identified in the needs assessment of each district or
school. In this process the ultimate science program w111 reflect
input from- the local schools and commumtv ' &

- Identifying ahd Previewing Programs’ dnd Matgrials

Because- of the plethora of science programs, textbooks, and
instructional materials available today, the schoel staff mustset up
a preview process. Visitations to exemplary science programs in
other schools or school districts would be rewarding. County, state,
and science teacher organizations can provide valuable informa-
tion. Care should be given to the selection of materials so that all
the sciences-aye covered. The preview process should provide the
planning group with data that can be used in the decision- makmg
process. The type of science program desired—whether text, text-
“activity oriented, or process, oriented—can be decided upon. The
organization of the content, the instructional materials needed,
and the supporung resources must then be planned. I a new
curriculum is created, schools might be selected to pilot all or part
of the program. ‘This procedure can be used to evaluate the
appropnateness of the program for the’ school populauon '

11
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Determmmg Organization, Scope, and Sequence N

"In [hlS document curriculum has. been defined in 1ts ‘broadest
terms. Therefore, the orgamzahon scope, and sequence of science
curricula incorporate more thap the traditional listing of science
‘content. The science curriculum that follows the goals and objec- -
tives set forth in Chapter 3 includes the development of scientific
attitudes, thinking processes, manipulative and communicative
skills, and sc1enuf1c~knowledge. ‘The wide acceptance of the i impor-
tance of these goals for science education has resulted in changes in
three curriculum consideratons: the development of dfffenng

© curriculuy organizational pauerns, an increased scope of science .
Lcontent beyond the traditional biological, physical, ‘earth, and
'space sciences; and a variety of learning sequences. These changes
have been recommended in curriculd such as those sponsored by
_the National Science’Foundation and by several pubhshers. Cur-
riculum designers should supplemem the following discussion by
further study of current science curricula and by the use of science:
curriculum spec1ahst.s. The need for this is emphasned by new
developments ‘in both science and education. ) -

LR

N Orgamzatwn. Science curricula generally have reflected an em-"
phasis fjon facts, with content topics servmg as the usual orga- |
nizational pattern. Such content organization still can be used, but
other modes of organization (e. g, process, attitude, skill or delivery
system;and conceptual scheme) are commonly advocated. How the "\
curriculum is organized reflects the background and expenence of
the developers For example a powerful mode of ‘organization for,
science curriculum content is one based on a conceptual orgamza-
tion of - knowledge such as that presented in Appendix A. Other

i

B

® conceptual organizations have been developed by competent scien-

tists such as those who developed Appendne A, which incor-"

- porates these generahzauons . S
In a conceptual organization of knowledge scientifi informa-

.tion 1s brought together in broad-generalizatio &'@t errelate

" the many specific facts and "prmaples of ajfoehe sc1er1ces
Conceptual organizations can be used to faci] ygﬁth inter-
dlsaplmary and intradisciplinary studies. Student. gain great-

er rheaning.and understa.ndlng fromi such studies. A. concep-

<+ tual organization.of the knowledge of science Is vital to all levelsof -

-
Ny

scince and education because it is more stable than one based on
_ ever-increasing and constantly changmg facts or on %nrelaled
topics.

Science curriculum develope hould be aware that, if cd%cept-.‘_
generahzauons are used as cﬁculum organizers, for comentﬁ‘
appropriate learning dctivities that illustrate the concept need to
be determined and specified for each’ grade level 'and/or science
g:ourse. Conceptual learning.in science is a factor. in the imple-



~

E

°

B r'nentation of any science curriculum and is not dependent only on

orga-ruzmg the curriculum by concept. e

Science processes may form:.another organizational basis. for a
written -curriculum.” One National Science Foundation . project
© gave preeminence to scientific processes as a science currrculum;

organi'zer Schoopl dlS[l’lCtS may devise their own process, curricu-

- lum or adopt one that is already developed and tested. To devise a

new process currlculum the. desrgners must specrfy 1llustrat1ve

activities. , .
- Scientific attnudes are con&xvd as ma]or organrzers in some
science curricula. Current national and scientific concerns-and
social concerns related to science can form the basis for curricula.
Science activities or-short courses that are popular with students .
and that build positive scientific attitudes may form still’ another

- organigational basis for curricula. -

Other rganlzauonal methods may involve contemporary educa-

tion ivery systems.such as learning centers and- individual er
#6up laboratory. modules and media. Developmental or hierar-
- .chical designs also may serve as patterns for currlculum organlza-
uon- . -
An historical organization may be usedito emphasrze the growth

of scientific knowledge curriculum and the relatlonshlp of science .’
_'to other areas of the curriculum.

The goals for science education as stated in Chapter 3 also ma£
- be used as part of an. organizational theme around which a
curnculum may be written, but whichever organizer is used for the

written science curriculum, all the other organizers will affect the -

written and taught science curriculum. -

~ Care should be taken fo see that the basxc 1earn1ng theories-
“associated with a: particilar curriculum organizational pattern are
~ compatible with those of the school, its staff, and the community.
Changes.aun/organlzatlonal patterns should be encouraged if the
changes help improve student learning m science. - U

Scope.* The broad natural curiosity of childrén delineates ‘the
scope-of a science curriculum that encompasges the univefse. In
recent years curriculum designs have been expanded to include an
array of emphases based on student and national. ifiterests or on the
- more realistic involvement of students i in prob'lem solving'and in
“science:related issues in such-areas as economics and law. Creat1ve
" "designs have been.built upon many .of .thefollowing’ topics: .
envxronmental studies’' that may range from endangered animal
species to problems of increased human populatlon and energy
and water, conservation; bioengineering; energy source studies that

f explore the power possibilitiés of the sun, wind, and tide; geology

_tions; space science astivities, including space probes, the proba- :

Q

studies mvolvmg theories of plate*fectonlcs and earthquake predic-

.~ bility of other life, and space technology, englneerlng, meteoro-

RIC
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R loglcal studles in whu:h satellite data and other references are used

1n the examxnauon of world climates; oceanographle stud1es of the

-, Cahfomxa coastline and its development- behavioral studies

c de51gned to help inddviduals better understand themselves and

: others; and combined phy51olog1cal %ologlcal andssocial
studies dealing with such topics as birth, aging, and death.

. The science curriculum for kindergarten and grades orre

- through twelve should provide opportunities foryall students to

pursuesinterests in a variety of sciences at, each ‘level. Provisions’

also should be made for advanced learnlng in each of the sc1encesr

‘ Sequence. Many sequences may be fol-lq.wcd -in .developing a
. St::ence curriculum. Little more than tradition jUS[lfIES most of
: today’s scignce curriculum sequences. Vasious science topics, con-
' cepts, and courses have been proposed as the most simple or basic;
but, for example, some controversy still exists as to ‘whether o re- "
quire chemistry before biology. . “
. H students are to be presented with concrete and famlhar 1deas as
a basis for learning abstract concepts, the teacher must sequence
their experiences accordingly. But sequences arg arbitrary and may
16t fit individual students. Whatfis necessa for students ‘is a-
.consistency in. sequenc:lng, following any organizational basis but
rgaking adequate provision for recychng ideas for those stydents
-  wholenter the established seq-uence at different places. Students
who need additional help in- underst.andlng or who wish more
experierjce should then be given more opportunxues. Students are
\vdtﬁable resources and should be ceonsulted in determining the
\sequences as well as determlnlng -what can and shouyld be lncluded
Pl C

in the curriculum. ) . ~
_/ \_ .

R | Plans for ~'Achieiring What Is"‘Bésired '

When, curriculum de51gns are to be developed Or existing science
" programs are to be modified, planners should consider the various
sources of curriculum design; e.g., the state framework and district
and school curriculum guides. The Science Framework for Cali-
- fornia Public Schools provides a broad base from w ich all levels’.
o of curriculum design can be develaped; courses of study prepared
‘ ‘ by offlces of county superintendents of.schools provide greater
specificity; schod) district courses-af- study or curriculum guxdes
and school-level curriculum programs further increase the speci-
ficity;; and, finally, classroorn-level instructional ob]ecnves are
directed toward more specific learning experiences in science.
The science!program planning process referred to earlier in this .
chapter can be used by curriculum demgners to develop plans for
achieving what is wanted in new science pro ms. The cyclical
and ongoing process may be visualized as _sh6wn  in Figure 2.

..
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Selectmg and Orgamzmg Instrucuonal Matenals

Instructional materials in science, mcludmg equlpment and
supplies as welf % print and media materials, should beselected to
facilitate achievement of science curriculam® goals. and objectives
and to provide variety and motivation for the learfier. The use of
good instructional tnaterials increases sensory stimulation for the
learners, giving:them greater access (o phenomena unavailable in

the classroom.

4
Ae variety of ‘science materrals can be used to give learners
practice in scientific inquiry. Teachers also can evaluate learning

‘in different ways; for example, inlaboratory seminars. More-

sophisticated equtpment such as computers can make leammg

relevant and can give valuable experience for f3ture careers.
Care must be taken, however, so that the materials do not

become the curriculum. Science experiences outside fie classroom

y -

should be provtded Extracurricular activities such as partici- -

pation’ in science clubs and fairs should be 1neluded in the learnmg
program. .
InCalifornia, science matenals are state-adopted only for kinder-

garten.and gradés one through eight. Materials for grades:nine

" through twelve should, however, satisfy” the criteria used by the.

evaluators of materials used in the lower grades. (See’Apperidix B.)

The prohferatron of science matenals makes the selection process_"

difficult and time consuming.
District Boards and administrators should glve prlonty to. the

development of policies and -procedures for setting up local selec-
tion commit€®s and provide members with sufficient released time i
~(and a tmgghne) in which to make careful selections. Science .
“material selection committees should include individuals who . .
have an interest and a background in science. Studénts, schoolm .

board representanv‘es ‘administrators, support staff, and members
of the communlty should be asked to provtde mput to the commrt-

tees.
Before selecung any mstructlonal' materlals, members of the

“curriculum and science selection commlttees should do the fo'Ilow-

*

ing: , , N .

1. Become famlhar w1th the Sczence Framework and the crlterla'
der1ved from it.-These criteria should help meihbers of district
" committees develop ‘their own criteria for selecting materlals
(See Appendnc B)™~. ¥

‘2. Review county” and dlstnct cqursés of study and guldes for_

science instruction. -,
3. Study district statements of phllosophy and goals, ata from
local needs surveys, orgamzatlonal patterns, and- teacher state-
“\ments concerning the science objectives for which individual
teachers agree to assume responslblhty - ¥

-
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.
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4. Review recent literature . on science education to become aware
of current trends -and. practices. ' Lo '_
5. Develop a criterion checklist for systematic local selection, _ o
" replacement, and storage of instructional materials in science.
6. Obtain evaluation data ‘}c;evant to checklist items from the
- California State Department of Education’s Instructional Mate-
= _rials Selection Guide—Science (kindergarten and grades one
3 through eight); reviews and articles from science education
journals.and other professional sources (kindergarten and graded
‘one through twelve); science- conference proceedings arid pub
lishers’ displays; Edutational Products Information Exchange

(EPIE} reports; producers’ brochures and 'catal:ogs; and users’

.. evaluations. e N : | -

7. Conduct an inventory of, science materials and facilities that

currently are available in the district to determine their condig -

tion and to ascertain whether they meet new criteria ang can

still. be used. . . S

. .8. Use collected daia to eliminate tgose sciencefmaterials that do

< - not meet locally developed criteria. v T

9. Examine and evaluate state-adopted and otlfer science matgrials

that seem to meet local criteria and rate these_materials in terms
of each criterion: - - R .

) Before making any determination in regard to the programs or -
“ materials to. be adopted or modified, members of the selection -
- committee shotild consider the following: " - . :
® Grade level match =~ . o . ) N
" @ Compatibility ‘with district and/or school goals arfd objectives
® Adaptability to existing program P - L
. .@ Type of class organizations and schedules indicated s
. "® Tristructional approaches to be used by the stait
Student "interest and. motivation
Parent/comrunity involvement and needed support
Persennel requirements, incluging support from classified
staffs for secretarial, recordkeeping, and clean-up assistance,
Printed materials and science supplies: P _ ,
Space requirements, for stidents and materials = P
Laboratory hardware and other equiprpent.- & * °= e
‘Reordering procedures and time'lag *~ = . 7 Te T
Formal and informal evaluations of the program and materials : .
Start-up and continuing costs . . , o _
Benefits to students, teachers, and the community : ' L ,

~

2000

- A r .
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'_ Modifyingand Developing Léarning ‘Expériences L )
' Scienceglearning experiences in the classroom have always stressed
student participation in laboratory work and other activities. Out- . S
side the classroom, learning experiences have gone beyond the '
'cpnfineé'of- the.school to situations where students at all levels

- . ~




are 1nv.olved in sciénce data ‘gathering, problem soI '
ducung research, and working on sc1ence~related Jobs 1‘4 h o
munity. ont’ X J

The learning activities as well. as the topics in curr® n S, ﬂC/

. curricula aim toward attitudes which refléct science s \g or
-« humane. manner. People wha are concerned about t I /

. energy resources should realize "the need for developlf’ DQ\{[
_autitudes toward science as well as exerc151ng rational * l \a
¥ ‘. Those who are developkng today’s science curricula Sbf‘d o ;ﬂg :
. the 1ntegrauon of scienice™into all aspects of life. Many sf fﬁy\ﬁrgé
preparlng for careers and learning the 1mportance Vﬂc
L courses in:many occupauons not related to science. Opf’o tL\ \5
-to experience different science-related careers. need to pe! &

1n the scxence currlcula. ST S . Y

Ideﬁuf_ylng Implernentauon and Stal:'f I)evelcbprne‘l 1\} vf"

f ~
7. Once the orga)'uzauon scope, sei;uence and materi?, ‘ §*\ 5;{ ;
-lected, implementation becomes the most- cnucal part « of \g »
curriculum design process. Unless the learners actua i bQ ef rp .
. consistently involved with’ sequential and meaningful 50:;.‘1 N -
. periences, both in and out of the classroom, the science’¢ "\\‘ ur/’ ”
~ will be nothing more thana series of meanlngless stateﬂ" t“ 1
teacher’s handbook. . d / c

Implementation. nee'ds- The skaff must become 1nvol" Ut /)
new. curriculum can be implemented. The lines of comfﬂe;hQ d”a/' ‘
' must be.open among teachers at each grade level, bt‘?t‘*":,)arl)~ A / .
Ievels, and between schools. In the secondary schaol sp€ n Qt or :

science plannimg by predetermlnlng assngnmentﬁ* to
programs. School districgs must dlso provide for cont
munication between the varlous organizational level
No science curriculum program can be adequately 1
until consistent processes for commmunicating, planrung’ d eﬁi/ .
sion making are estabhshed (See Appendix C for a V'QQid,op,
‘ making diagrani¥) 5 le‘ \$0" -\
Science &*a natural motivator for the leamer At the é n/ :
. level scxence\toplcs can be lntegrated easﬂy -with other cV. Q\w/ o
areas. The proe<esses of scxence (observxng, classxf:yn’l ctsnl
“inferences, or rnea:suang) a.re apphcable ~to- all 'subj€’;
; ‘districts often’ mcorporate science into the reading égaoltll
¢ " matics activities at the elementary and intermediate scl1 o @e;é’
' Efforts” currerrtly are belng made 1n secondary program? 18‘: \ ¢
. - mul’udlsapllnary appro__ Q ACTOSS the boundanesofall = NN F /
“to achieve the objectiveg igr more than one d1s<:1p11rl"3d‘,e
' Stroreg - xnterdlsaphna?y-ﬁn‘nculum offerings can be ', =2,
" between the science department and- other content areﬂg Q . “;; 4
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' incon;pc\te!\teacher. Being a successful teacher of science requires
a knowledge’of science and the learner, ;a command of scientific -
techniques, an-appropriate sense of the purpose and role of science,

o ~~“feachers can imp

'} @ Special evenis scheduled fbr-tcag:hérs to hear outstanding speak- )

< - e e e e i o e e H

I
¢

and a desire for continuing self-improvement., b
Teachers themselves must acquire particular competencies if
, they are to develop them in their students. Teachers first must

" acquire scientific attitude$, thinking processes, skills, and knqwl-

edge. They also must be competent in the social scigpces, in the

arts and humanities, and in the use of the English language. These -

and other competencies can be achieved’only if teachers are given
opportunities for self-evaluation and self-improvement. (See Appen-

dix D.) Competencies can be achieved through various types of -
inservice experiences. A checklist of specific competencies, designed

~to give individual teachers an insight ipto areas, that might need

upgrading, is presented in Appendix, D. The following experiences -

can-help members of the staff improve  their competencies. -
. . * . . - . . \' - . B

4

Staff Development Experiences That _
Lead to Inrproved COmpetencics, - i

g ol

ove their competenéie‘s by piru'%iﬁéa&ég in'the

o

following activities: _
ers, 0 observe demonstrations, to become acquainled}&'ith new
materials and equipment, andito discuss special problems or
" needs. One should realize,~however, that isolated events have
little long-term - effect without some follow-up. -
@ Inservice programs of specified duration with qualified leaders to
accomplish certain specific objectives. Such programs are effec-
 tive only. if the activities require xeal involvement of the partici-
" pants and if a close relationship exists among the actiVities
undert_akeh' to meet the stated ‘objectives. L
® On-the-job experience in thé classroom where the teacher tests
and ev;{:xata the new maderials and techniques. Many of the
instructional materials‘and techniques have first been observed
by the teacher.at workshops and conferences.” - I
al - courses conducted by colleges and universities for up-
' dating and‘enrichin 1 sci
CourseS; ). help-
special areas. . - - . L A
o Advanced research at’the college or univetsity level; in industrial '
laboratories; or in, public, private, and-gov"emmemzil' agencies.
This can inyolve field work in various scientific disciplines. It’
_ alsocan provid¥ excellent opportunities for developing the skills,
* attitudes, and 'approaches'n{e_de_d' in science instruction. -

~ )

_,\_! [

4
7, T

R ¢
.

the Compﬁeﬂdﬁ-Of',SC.len,(;l:.t_e'a_che‘rs.lThcs'e' J
epare \the teacher, o lead the students into ‘[
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The science’ curnculum..v" uld be undergomg evaluauon through-

out the desrgn, develp A and 1mplememauon phases The

teachers may feel comfor 2
is inadequate for the progress of today's student; therefore, like the
. planming ‘phase, - the evaluatton phase of a sci€nce-curriculum
- design should: be a ]01n[ effort of many individuals. Formative

evaluation, that which is’ accomphshed durmg the plannmg and -

implementation phases, is essential. .
-Student achiévement instruments such- as standardtzed tests,
amlude ‘assessment scales, and task performance devices can be

used 10 ther basic data. All available data must be analyzed and |

evaluat d.in terms of a priori criteria that follow logically from the
framework goals and objectives of the new science curriculum.

Other less quantitative and moré subjective analyses may be used

to examine the human interactions that occurred during the

.developnferit and implementation phases of the design; Comments -
and views -of various individuals can serve as indicators of the -

extent to which the design has contributed to-the overall benefit of

the students, teachers, parents,- apd administrators. Less stan-

dardized evaluation devices are avdilable through the U.S. Office of
‘Education and- the Nauonal Science Teachers Association.

“The writing of a summative evaluation of the curriculum should be |

-scheduled at regular intervals to determine needed major shifts in
~ goals or objectives, in materials, or 1n the science curriculum itself.
This written evaluation should include not only perceptigns and
progress of the students butgalso those of the teachers 2
'fsu.pport staff (mcludmg administrators). Factors such as facili-
* tes usage, equipment avatlabxhty, materials effectiveness, and

- '-'"parent and public acceptance also should be included in- the

evaluatidon. Evidence of a- posmve evaluation can be obtained in
many, ways. By their part1c1pat10}1 in the various activities, the
“students will be expressing their' attitudes toward -the science

_program. The success of the science curticulum will depend upon. .
- the - contnbuuon made by each dlStl’lCt employee and by each -

student

ble and sausf'red with a cumculum that .

nd the

i
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Chapter

%

\.

| Goals
. and .
Objecllves

v

Human beings need hot be
driven to explore, tQ think, to
learn, to dieam, to seck out
_problems for solution; they are
“intrinsically constituted to do .
" just this. The learner is not- only
pfoblem-solwng and stimulus-
' reducmg orgam.sm but also a
" problem fmdmg and stimulus-
seekmg orgamsm '
N . L .
LW - '
. “ImageX of the Classroom and
Visions of the Iwarhers,” in
Learning Environmenus, edited
by Thomas G. David and Ben-
jamin D. Wright, page 10 .
" Copyright 1974, 1975 by the Uni-
~ versity of Chicago o

7‘ -
. . : - it
. e . - ‘
. . .
.

‘addition, someseéxamples of learner

.minal objective. These examples are indicators of the ex

- ) . ) ! P
.

Instructional goals re gentral statements thatdefme the desired
ends of education; ébyectives are more specific statements of the
steps involved in reachmg these goals. In this chapter goals and

- objectives convey the intent of the science cumculum for kinder-

garten and grades one through twelve,
- The relative importance given fo parncular goals and objecuves
may vary in accordance with différent philosophical positions.

“* Care must be ken, however, not to stress any one goal to the .

neglect of othersi All of the goals are intertelated, and each reflects

"a mecessary aspect of scientific hteracy Commual reassessment 1s

necessary to ensure that each goal is consistent with changes in
cultural values; societal problems, the needs of leamcrs and the
current status of science. -

The goals for science instruction are descnbed under the follow-
ing categories: (1) achieving scientific’ attitudes; (2) achieving
rational and creative Lhinking processes; (3) achieving manipula-
tive and communicative skills; and (4) ach1evmg scientific knowl- -

‘edge. - . ' ' oo

The learner’s termmal ob]ectwes for each of the fouf mtegones
are shown on charts 1 through 4.. Terminal ob]ecuveS"are broad -
statements of mstrucuonal .intent for the total science pyogram
(kmdergarten and* grades -one throughi twelve). Such objectives

-usually are stated by program developers and by other groups

concerned with the outcomes of the total science curriculum. In
haviors that are related to
n identified for eaclf ter-
ected
level of competency for the majority of sgudents at pamcular grade:
levels in California’s publlc schoqls . / -

a . . o .- .

N - . . . -

levels of learner development have



' Attalnment -
of Positive Aftitludes
.. Toward 5clence -

Goal: To develop values, asptmtzéns, ‘and
attitudes that promote the individual’s
personal involvement with the environ-
menl and soaety .

-

.

The learner s amtudes will determine- what'

* he or she will do ‘autonomously, without
extrinsic motivation, as a result of science in-
struction.- Because positive attitudes toward
science and learning are prerequisite to '
effective learning in other goal areas, this goal'
““area should be considered first. .

The terminal objectives presented in Chart.1 -
define how a learner might behave as he or she.

perceives the scientist’s “‘rules of the game,”

establishes thé personal and social relevance of -

what has been learned about scidnce and
 scientists, and enjoys learning about science. - .
~ The grade levels indicate where the behawior -
is most likely to be observed. The broken

- lines indicate that the specific behavior may

" be evident before_this level is reached and

"should continue thfough grade twelve.

.’
’

Terminal objective o

The learner : ”
l Shows cunosny about ‘objects and events.

t

’

2. Shows an awareness of and responds in a
. posmve manner to beauty and order]mess in
‘the environment. T

L
RPN ) ]
MR A . B B L N

[T ‘.

8, Appl‘ecxates and respects all hvmg orgamsms

(mdudmg self) and tbeu place in the environ-
ment. . .

4. Takes an active role in solvmg socxal prob -
lems related o scu:nce and technology

» . . .
\ . . X . -

5, Welghs altemauve scientific, economic, psy-
chqlog1ca1 or social factors- when consider-"

ing p0551ble resoluuohs to some problems
T

- v | N
~ . ~ . . ' M t

.:ﬁ‘ -



e . * Speculates abouLﬁﬁ

-

Y

L™ .Examples of-

~

e leax;per behavxors - T

The leamer-

'Fmds pleasure in u famlhar objects and events. .

-Shows a willingngss to examme. and orgamze

objects and eventgtdp the envxr?nmem .
perties of sv.}bga
" not’ testable wn'tvq;ne's OWII' TESOUrCES.

P e

-E.xpresses consaousness .and/or pleasure in color,

form, texture, arrangemem or design offobjects '

Cin‘the envuonmem. s "

. °Responds in a positive manner to colot, form;

»

: oExpresses an opinion on a social issugs(e.g., land-

texture, anangemem and the d’esxgn of ob]ects n"
- the env1ronmem. - R
»Searches for and reports endence of o der and
symmetry when observmg and mvesugau one's
envfronmem. . . L

*Shows respeCt for th! proper care of all h\fmg
organisms. -

F-Accepts r&sponsxbxhtv for’theccare of Jivi mg Organ-

isms _in natural and artificial )enwronmems -

'-Appreaates both_ the. mterdependence of. hvmg :

. ofganisms in the natural environment and-the -

-implications of that mterdependence for thqr con-

“ered
-Values the alternative scientific, economic;- psy-

tinued surv1val AP

«Pragtices conservauon in use of food energy, and
matenals .8 ‘avoids wasting paper. A~
use, -alternative energy sources), using knowledge .
~of science and technologv to support his or her
opinion. o

OSeeks to influence the views and behaviors - of '
others with respect to conservation, environmen-
“tal problem€, energy use, population control,
pubhc health, and .other soc1aI 1ssues related to
- science or technology :

{zes r.he alternauve factors to be con51d
hen examining p0551ble resolutions. -

«Reco

chological, or social factors when consxdermg
_ some problems

"Dehberately examines altemanve pou){ of .view

on scientfic 1 issues before forming opinions abeut
Lhem. N

| o i
[Kc

-

nces Lhat are .

A

-

5 3> . - )
.7 - Approximate grade level where
T . behavior is usdally observed
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Terminal objective.
The learner . oo

6. Orgamzes and reports the results of scxenuf;c
‘L’ investigations in an honest &nd objecuve man-
-7 ner. s C

. : : ¢« 2 -

-7 Shows a~WilE€ness to subject data and ldeas
to the criticista of peers.

kS - ' . . : i _-_‘ - ; -
.8 Has a crmcal quesuonmg attitude toward

. mferences hypotheses and theorres. <
| ‘

AN

PR - ) A.- 'v.'|'
. . . . PR

9, Habuually apphes rauonal and Creativé thmk—
S "irfy ‘processes -when trying to find relation-
’ ‘'ships among seemingly unrelated phenomena
~and when seekmg soluuons to’ problems

- . . e
-

10. G:ves attention o and values sc1ence as an
éndeavor ‘of human beingsfrom all’ rac1al
ethmc and cullural grOups '

] . - R B - X - R Ley
R . PR RS - : . .
g -

‘, 'v\ ' '.‘ . vy : f'

e ll ~Consxders sc1ence-related careers and makes

. realistic decisions - about preparmg for such

'/‘ cafeers, taking into account the ablhues mter-
ests and preparauon required. -

‘
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Lo

«Shows a w1H1ngness Zo ‘listén crmcallv 0 ex-
planauonS‘of others. . R

.. ... Examplessf -
: * " learner behaviors -

Approxxmate grade level where
behavior is usually observed

L

The learner: = (S
. »Shows a willingness. to log: orrly those data he or:
“she actually has gathered. -

-Forms opinions only after seeking a vanety of
data and ‘ideas., :

cile Assumes responsi'blhty for re_portmg results n an'

honest and*ob]ecuve manneéi.

aware ‘of them

. Pomts out the limitations of one s own data

"Llsl% to the ideas of others

‘-Shows a wx.lhngness to re.spond to contradxcuons 1

bétween. data. =and theory.

- ~eTests theorles that do not. support hxs or her own

e Shows a willingness to look for proBlems and to.
- note discrepancies:. . : o

.+ Applies science probi-em-solvmg techmques in a.
nonschool snuatlon" e.g., diagnosing what 1s caus-_ -

.

, -
A Bl

' 'Chooses to gather 1nformatlon and re ort on the.';
ga P _

SN,

- -States that race, sex, or ‘nationality should no‘tv. .

T

th,eortes
N .

'Spontaneously attempts to descnbevan Ob_]CCl or'. 1

<

event that ‘has attracted his or her attentlon

mg a car's ‘engine. 0 malfuncuon

@o. -

saentlflc contmbuuons of other cultures

consmute a bamer to sc1ent1f1c study. -

. Values the scientific contnbutmns of human be.mgs '

B from vanous cultural .groups.

. Shows respect for the many sclence- related czreers of

people in our society.
eValues the abilitits, interests, and preparat:on
requxred for-a sctsnce-related career.

_ »Assumes responabxluy for making a realistic deci-
sion about the pursuit of a scxence-related career.

-Readlly admits own mlstakes upon becommg“

8, 9 To 1 12|
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Aﬂa'nment

.of Rational
- and Creative
ThinkIng Processes

. Goal_. To develop and. apply ranonal and cre- o

ative thmkmg processes.

..

. The term thmkzng processes, as ‘defined

.. here, refers to the cognitive processes involved
in’scientific inquiry as well as those processes
that are- basic to ‘all rational th,mkmg Such

s processes as obsermng, measurmg, comparmg, . R

(ind ¢ i?Lszjymg lead to more. sophisticated -
processes such as’ mferrmg, generalzzzng, and
theonzmg

A major goal of science. educatlon is to *
" have learners use these processes in a cychcal
manner—moving from the generation of data,.
thréugh the building of -hypotheses, to thE\
apphcanon and evaluauon of data and
preeedures S
:When the. data generated by an expenment
prove to be’ consistent w1th an hypothesxs the
j Jhypothesxs is supported :
‘Some of the thinking processes in whlchc>
the learner. engages dunng science expenences

vt “are presented in €hart 2. The chart ‘takes into

account the developmental levels of students

propriate grade levels.
ples describe only a few.
) ys in ‘which learners may -
~ show 'that they ar¢"thinking rationally. Even
-from this sparse sampling, however, one can"
easily see that tie ablh[y to engage in these
processes is, cufulative in nature. Although
the ability §6 evaluate a situation critically
_may not dévelop until early adolescence, all
.. the processes requisite to judging (1nclud:tng

L The selected e
of the countless w

"'-"'-~"-“1'observat10 and reca]l)~ stay with the learner -

&

.
(2N o

DR
" ,and thus prov1des arationafe for structuring . -~
- learning ‘activitjes. ‘

Terminal objective-

The learner: . - :
: G{llops ab1hty to generate data by observmg,

IRg, recogmzmg, 1denufy1ng, and.mea- o

sunng * , L

.-: .‘

2 Develops abxhty' to orgamze data by compar- -

& mg, ordermg, c1a551fy1ng, and relaung -

B Y ' o,
a . SR 3 )
- ) T _- :
Bl R - . .
B i c" . .:-" : : ) - .P\ ..
. . S I o ’
Col e e D o S on
. R T Fe
R . s . f‘ M
.‘.' . .\7 ‘ . K-: -
‘-.-.. ‘,‘_: re. LT t [.(
N L a» - e N
KRR -\\

and generaté

o

Devel.ops ablhtthZ‘;o apply and evaluate data-" :
ries by hypothesizing, ‘pre- -

o dicting, - inferring; -generalizing, theonamg, ex- .

- p}ammg, ]ustlfymg, and Judgmg

F

~

. 4. Uses data-generaung and theory-bmldmg pro-
cesses in a cyclic manner 1o solvea problem;
 le., participates in scientific mquxry for the

appropnate level. + .



“

.. Examples of .
learner behavxors

Approxnmate gmde level where
- behavior is usually observed

e

'The leamer

' «'Examines objects-carefully, usmg a combmauon

" of senses to collect and process data, deriving

meaning frorm the.observation; and sees the need
. to.use simple instruments, such as hand lerises to
: ald the senses in making observations.

. Detenmnes the need.to repeat observations as a
" mean's of improving” rellablhty, decides to use

' measurement as a means to.improve. .observations; -

and identifies changes in properties and Tates of
change. ¢ .

« Differentiates constants from vanables and iden- -
ufles correlational changes and variables.

.. -Percewes 51m11anues and dlfferences in a set of

ob]ects and separates a set into groups according

" to-a single characteristic such as size, shape, or * i

- ~color.

ob]ects can be put into mutually exclusive. cate-

. gorles and uses quanutauve measurement ‘as a”

criterion for” grouping.
. Groups.-on’ the “basis of a continuous- vanable

develops a classmcauon system consisting of two -

or more stages or subsets with mutually exclusive

. Develops arburary clas51f1cauon systems wherem

. categories; and uses.an. accepted clas51f1cauon'

- system to key or 1denufy objects or phenomena

. Idennf:es statements or data that have no dlrecL’

relationship to the- solution of a specific problem "
and identifies contradictions within the data.

+Examines environmental issues; pointing out con-
tradictions and discrepancies in the positions of.
various groups; ‘and gathers data’to form own

.Q

"1

U.ODS-

.® Deﬂnes a problr.'m related to a dlscrepam event.’

. Idenuﬁes data needed to test gn/ hypothesis; de51gns

- an experiment to generate the data; records and
organizes data; and evaluates the hypothesxs in
lxght of the new data :

Y

Y

t of view to resolve any earlier contradlc- B B

2

A ﬁ
7 8 9 10 41
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A

Aﬂalnment
ot Manipulative
and Communicative
SKIIIs in Science -

Goal _To develop fundamental slulls in the |

-mampulauon of materials and equip-
" ment; in the care and handling of living

- organisms; and in the collection,
organization,

communication of
scientific mforar;l:%: - .

Many 'different skills are needed. when a

learner employs his or her thinking processes

to develop a coriceptual understanding of the .
" natural ‘environment. The learner gathers

" information by observing, manlpulanng mate-
’ ‘rlals and equipment, reading, communicating,

- using meMg instruments, and handhng
.~ living organisms. His or her-ii ngulstlc
"+ _mathematical, graphical, and ta

used to record and organize: mforr‘i( tion. A
. .-major goaf of science education is to provide
.. -opportunities’ for. each learner to develop and

"/.. usehis or her manlpulauve and communi-

cative skx]ls e

l};Iany areas of the curnculum are inter- o

, _related with- the learning of 'skills that are
- critical to science education. ‘Reading,, writing,
. speaking, and hstemng skills are -all basic to .

. the cogfmunication needs of science students. .
Many of the skills included in Chart $ are .
""" common across a broad spectrum_of occupa-
< tioms. Accounfants, salespergons, bankers, engi-:

.neers, social sciéntists,, physicians, nurses, and
-~ scientists must be able to obtain, record, process,'
... interpret, and- report ‘information.and to :
: g‘ communicate ideas in a clear, convmcmg
- manner. Thus, this skills goal is not- only
¢ritical to science education, but it is also

~-important in “the development of competenaes .

: that are. requlred for effective cmzenshrp

\‘l

kills are. _

1 5. Records observatmns accurately and

" 6. Commumtztes w1th othem orally

LA

T A A o
.; - ,. N L L) N . T -._‘ N
. ) ) . [
. . 2
.- - } - .
. . . .

~s -

7. Uses. the Intematlonal System of ‘

4

N P t = - Terminal objective P
Yoyl o e Y ] . . . /’\/ .

X B

“The learner B

‘1. Assembles and uses- laboratory appalw 1§r
and materials in a sktllful manner, \
attention to accrdent prevennon

2, Demonstrates proper technlques fof ql, 115

- and anng for llvrng orgamsms

‘ .
.-|,;,

3. Gathers r_he descnpuve and quantlt3 Jn e} l\ of /

mation needed for developing or te’ N
ences and hypotkeses by making P% bl

1/
objecuve observations of thmgs a? v

Q\Vf W

4. Gathers needed mfcrmauon whrcl1 as V

" generated by others, from a varlety

BT

data and 1deas in ways that enhancﬁ’ 1\3\’1 /

2 fulness

o .

ing) in a manner. that i 1s consrstent l‘l]\‘m
edge.of scientific oonvenuons, and 1 zfv

der V[
the learmng of the hsteners or red

C ' .. o= ;‘?
. ¢ . :

A

»

metric system effectlvely
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"7. Uses the International System of Umts (Sn)

The learner: |

. metric system effecuvely (contmued)
8. Apphes approprlate mathemaucal conccpts _
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K%Aples of

\ ,, learner behaviors

'Approximate grade level Where
behavior is usyally observed

The leérner-

- -Measures hnear distances using a metric ruler, .

.and -uses-a; balance to determme the mass of
- objects.- / S : .
*e Measures volume of liquids in a graduated cylm-
-~ der marked in mllhhues .

'Calculates rates (speed, ﬂow and the llke) from»'

da .//

'Fm méan (avéfége),\medlan, and modes of a

senes of measuremems. "

'Uses powers of ten (exponenual notauon) to
express very large or very small numbers.

°Determmes degree of precision of measurements .
. and quanuues derived from measurements,

OUses/ calculators and computers to advantage in -

4 mampu]atmg data and solving problems

-

5

5

6 7 8 9-10[11

0

.35
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‘Aftainment
. of Scientific-
~Knowledge . -

. To develop knotvledge of processes, facts,

- tions—the products. of science—and
- encourage their use in the mterpretatzon
of the natural environment L

The acquisition- of orgamzed knowledge 1s a
long-range goal of science and science educa-
_tion. When the learner is able to understand
- different contributing’ facts, unifying prindi-
ples; and f@evant processes, then hé or.she
begins to know what organized knowledge is.
. Some knowledge will be acquired as a by-
' product of instruction intended -to deveIOp
attitudes, skills, and thinking processes. Other.
knowledge especially at the secondary school
- level where content information becomes
- mcreasmgly prominent, is a déliberate - objec- .
-tive of instruction.” At all levels the knowledge :
: ,goal must be in balance with- and consistent
" .with the other goals of science education.

.. Four typés of knowledge can be hlghhghted as
- ,components of ths goal:

l Knowledge that enables the learner to ver-
“balize the thinking processes and skills of
science.’ Examples of learner behaviors’
related 10.the acquisition of knowledge are; -
. included in. CHart 4 under Objective 1.

2. Knowledge that includes-the content, basic

congepts, and structure of the -major dis-
ciplines in science (e.g., physics, blology,

.and astronomy). Statements of the conient. ’

“and major concepts and structure of a -

. . given discipline’ are-readily available else- "

-where. Examples of ledrner behaviors -
“related 'to the major disciplines’ are,
) ,i'mcluded under- Objective 2.

o

principles, generalizations, and applica-

-

? " Terminal objective
~ The learner' | ' : :
1. Demonstrates knowledge of the processes of

smentlfxc 1nqu1ry T S

o2 Demonstrates knowledge of the content of the
' ma]or saentlﬁc dlsaplmes o

A 4
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L ~* Examples of .. . . ]
. 1. learnér behaviors

- Approximate grade jevel where.

“betravior is usually Observed .

The learner:. , . @' I
--";'Dtsnngutshes between the process of. trial and -
- error.and a-mor¢ controlled mvestxgauon ’

‘«Matches namesof various processes and products -

| of scientific’ inquiry. with examples; e.g., data,
theory, experiment, and inference.

«Criticizes a scientific investigation, pointing out
the procedural steps that have been omitted or
madequately performed : ”

‘ Astronomy~ PR > o

i -Idenuftes the planets in th ar system,

' °Recognues that, the motion’ and path -of celesual
* bodies are predictable.

*Identifies the regular movements of the earth and
moon.. .

Btology o R . :
eIdentifies and”describes hvmg thmgs that grow
- and- develop in different’ envirohments.

°Recogmzes that the capture of radiant energ\ by
" green plants is basic to the growth and main- ..
" tenance of hiving things.

°Recogmzes that a living thing is a product of its.”
heredity and environment. .

. o hemzstry

~ dRecogmzes that matter exists as solxd hquxd or

' gas.

« Demonstrates that in cl;emxcal or physical changes
the total amount of- matter remams unchanged
oRecogntzes ‘that in nuclear reactions- a loss of .
~'matter is.a gain in energy and the sum of matter
and energy remains constant. ' -
Geology ) ‘ ’
*Recognizes that the earth 1s constantly changmg
*Recognizes that rocks contairi one or more kmds
of minerals. = . » -
sRecognizes that volcandes change the earth’s sur-
-face by’ building mountains. - * - :

B
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: ‘Chaort 4 (Continued) . . — . _
"1 3. Knowledge that is composed -of broad it_\ > Terminal objective
generakizations that interrelate the many . ’Q _
facts, concepts, and principles of all the The leagner:,
_ sciences. These concepts are basic to many 2. Demonstrates- knowledge of Lh\‘: content of the
—- disciplines. Examples of these broad + + major scientific dlsaplmes (continued).
generalizations are given in Appendix A, . . , _
. and.examples of learner behaviors related T, - 2 o
. ‘to them aré included under Objective 3. v

4. Knowledge of how science and technolegy g - ™ .

affect society. This concept of knowledgeis | ’
‘relevant to the needs of the learner. : 7.
" Examples of learner behaviors are included o
. .under objectives 4.through 8. * s ] T :
' ' »o %0 . 7 ] 8. Demounstrates understandmg of some basic
e T T : _ » generalizations, relauonshlps and pnnaples o
N N A - . ' applxcable to all the sciences. ,
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Examples of
learner behavxors

Approximate grade.level where _
“behavior is usually observed , - ] |

¢

‘The learier: -~ © = - o -

Physics

-Recogmzes that energy must be apphed to pm: '
~-duce an unbalanced force resulnng In motion or

charige in motion.: .

.+ Demonstrates that the amount of energy a machme
~produces does not exceed the energy consumed.

*Demonstrates the relauonshlp betwee magne- ‘| - |

tism and electricity.

The follov@xg are exammes of learnec behav-
iors related to major conceptual organizations of
scxenuflc knowledge. A more complete discus-

5

- sented in Appendlx A. RN
A, Most- events in nature' occur in a predlc-

sion of these conceptual orgamzauons 18< pre-,

table™ way);understandable in terms of a -

muse-and-ef&;ct relationship; natural laws
are universal and are demonst.rable through-
out time and space.

v -

The leamer S :
-Idenufles simple. cause-and-effect relauon-

ships; e.g., an object beconteg hot when it is |

héld over a flame

eUses a complex cause- and effect relauon-" ]
a predlcuon ‘e.g., bv using -
mons of the sun and-

ship to
data on relative .
moon at van Aus u es of the month, the
learner can predict” when the hlghes( and

o~

TIowest tides/will occur. Lo

S -'Explalns the.nature of a’statistical predlc- '
uon mvolvmg many individual events of
\ Lctablhty, e.g. radxoaguve decay-or -

-+ 'B. Frames of reference for size, position, time,
and\motion in space are relative, not absolute.

onstrates knowledge of SI metric systern
units and how they are used. _
«Explains why a beam balance will give
identical results on the earth and moon and
‘why a spring scale will not.

»
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: Examples of
SR . -leamer behaviors .

. | Approximate grade level where -

* Describes changés that talxe place as heat is |

v e .- . <, . behavior is usually observed
o« *-f — . n r— ‘ 0 )
C. Matter is composed of parucles which are in K 1"2.3 4 5\ 7 8 9 10711 12
_ constant mouon. - 5 ~ _ I ‘ o
The learner: . v , ,

apphed to an ice Cube and then to watet unul
it boils.

» Explains, the changes that occur as heat is
applied to an ice cube (using ideas of moving
molecules, attractive forces, and relative dxs-
. tances between molecules).

 Descri

gruuf elements are related to the structure
of ther atoms.. : :

D En'ergy exists m a variety of converuble
" forms. . N
*Recognizes that fuels are burried td generat
electricity, heat ‘hemes, prepare meals and
the like. - : .

"+ eIdentifies examples of the various forms
energy, including kinetic, potential, mechan-

ical; heat; chemical, electrical, radlam and

nuclear energy.;
* Designs and constructs a device. mvolvmg at
‘least four separate’energy transformations.

."ZJ

‘ ' . . ’
E. Matter and energy are manifestations of -a

single entity; their sum in a closed system is
constant.’ i
* «Recognizes that, in a closed system, no appre-

ciable mass-1s gamed or lostinr phase changes .

ar chemaical reacuons

clear transformation that results ver:

sion of mass. to energy.

. * Describes, usmg approprlate equauo:bn nu-’

bring order and umty%aapparemly dis-
similar and diverse ‘naturdl phenomena. |

: -Idemlﬁes pairs of ob]ects with sxmxlar char-
_acteristics. . -

<

L, -Descnbes the * rule charactérlsuc. or, system |
o of classification used tQ sort a group oF mis-

a cellaneous ObjCC[S .

s, with the use of mdels, how prop: -

F. Through classnflcauon 3vstems, scientists
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® Examples of > -
learner behaviors \

Approximate grade levels where -
behavior is usually observed '

The learner: . S E
- *Develops. and applies a dichotomous key to
. classify-an assoitment of plants.
_*Names the major groups within a plam and

animal taxonomy (e.g., phyla): ~ - _ 2.

~*Recognizeés that classification systems (e.g., -

-plant and animal taxonomy and the periodic
table of glements) are made by human beings
“for the use of human beings. .
- t ;'
G vamg organisms have universal properties.
g Matches pictures of animal parents and off-
. spring. - v _
»Observes and descnbes qualng_g(e and quan-

titative ways in whxch mdlvxduals vh a spe-

‘cies vary. . .
-Wmes a thoughtful essay on the toplc {sqn- .
‘Organism a DNAMolecule’s Way of \Iakmg

Another DNA Molecule?” :
« Cites major 'processes and assumpnons re-

-

lated to Darwxman evoluuonn Fsany

P

H Uruts of matter mterac&. N

H-l “The bases of “all interactions are “electro-

.

--magnetxc, gravnanonal and, nucle* forces

" <

" their origins. -

IR '-Predlcts therm/tcgt?uon of a, magnet wuh
s various objects. . < v \ :

. N + Explains the. funcuonsk ef an electroScope -

using: the. concept’ of repulsxon of hke -
"~charges.. : o
+»Using laws of grdvitation, explams why a,
: person ‘‘weighs” less on the moon than on
"*. the earth. ‘ ‘ &
'+« Explains how chemical. bonds between atoms

‘0’»

clex and electrons.

H-2. Interdependence and mteracuon wnh the en-

" vironment are universal relationships.

« Matches major organs- and systems of the

“.- human body with their functions. .

-result from electrical attraction between nu-

“whose fields: extend beyond the vxcmny of

3 4.5 6 8 9 |0 12
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. Terminal objective _

+

The*learner:
3. Demonstrates. understandmg of some basic

4

genéralizations, relationships, and principles

applicable to. all the sciences (continued).
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4. Demonstrates knowledge of relauonshtp be-
tween scxence and society.
U

v . - - . . . e

5. Demonstrates knowledge of science-related ca- -
- reers ‘and the preparation ‘needed for such =

careers. - . . >

¢

4

L4

. .

6.. Demonstrates knowledge of the contnbutlons e

. to srience and technology made by men and

.women of vanous races and natlonalmes. -

N . »



Examples of S
learner behaviors\ :

Approxrmate grade level where

The learner Y

«Names and descrrbes, in sequence, the pro-

“cesses of the water cycle.
-Idenu[xes the major links “in a food web

“Describes the effects of human act1v1ty on a
partlcular envrronment and vice'versa.

H-3 Interacuon and reorgamzatlon of "units of i

matter arejfllways associated thh changes in

“energy. -
,-Predlcts what will happen when a ptece of -
wood is plaged on.a fire. - :

o vaves examples of exotherrmc and endother-
~ “-mic ‘chemical reactions.
“oFraces the energy flow in an ecosystem.
-Descnbes ways in which an organism, to
“.maintain its complex structure, must utilizé
enelfgy and-create disorder (mcrease eniropy)-,.
in its surroundmgs

~ <Gives examples of ways in wh1ch the use of
-scientific knowledge has affected society.

* eDescribes. aspects of a society that tend to'

encourage or inhibit the advance of science.

eIdentifiés. types of ‘data - that should be col-
- lected and -used in deciding an the- 1deal

. location for a park, factory, or- apartment
building; and in predxctlng the consequences-

of locating same in various places

e Compares the work done by people in dif-
- ferent occupatlons, mcludmg one mvolvmg

scien

-Identf??s ways in*which carr;e\rs such asen- |
- gineering, medicine, chemistry, or agrlcul-'

- ture are related to science:

‘«Names science-related careers ‘that htj or she )

might consider and descrlbes preparatxon
needed for such careers.” = +°

a0

. Matches srgnrfrcant discoveriés {0 persons who
. made the discoveries.
-~ «Relates’ time and place of i 1rn ortant advances
" in_ science and technology t6 prevalent con-
~ditions and contemporary events.

\)« -

behavxor is usually observed
5 7.8 910 11 12
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- Chart 4 (Continued) | . ~
. Terminal objectives -
LI ' S The learner: . ' .
oo e ~ | 6. Demonstrates knowledge of the contributions
A - : {0 science and technology made by men and
‘ 1 . women of various races and nauonalmes.
(conunued) .

7 -Demonstrates knowledge of the relationship
of science to other areas of human endeavor -
(e.g., art, hlstory, and government)

N - . ¢ - . .
AN - —— . o .
' g . L S

. A : _ 8. Demonstrates knowledge of the ways in which

VN s . . attitudes, thinking processes, and skills can be ,

v : - coupled with content knowledge and used in
o personal decision making. : '

3

-

-
.
.
-
.-
¢ 'Y ",
R .
. ;
-
o~ f -
- »
.
: .
) ..
- -
.
.
.
-
~-
~ Al
.
) . . -
, r-
/ : ;
2
/ e
‘. ne
R . y
.
A3 <
o - *
. w
Yy
N ey " o
* R - B
» - - . ..
SRR ‘ {
t i : v . ’
_ a .
o N Y 3 O,



-t

A "/ Examples of SR
" learner behayiors

Approximate grade § Revel where
behavior is usually observed

The learner:

“eDescribes instances in which a-major scien-
tific or technological advance has been based
on the work of persons of several races and/
or nauonahues :

-Compares a variety of artwork p0551ble using
only naturally occurrmg media with other
artwork created using synthetic materials.
+Creates materials to produce artwork.

«Describes how modern dating techniques con-
mbute to knowledge of earlier civilizations.

'Given a llSl of foods,‘ 1denuhes uems that
would constitute a nutritious, balanced meal.

*Given manufacturer's literature and consu-

mer. research data, selects an item for pur-"

chase (e.g. Ybicycle, dishwasher, or car).

«Uses data from scientific investigations to .-

present a position on a political issue.
o B

K 1 3 1 5 ¢6‘7"8"9- 10 11 12
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Use of Goals and Objectives in

Planmng and Evaluatmg o -

Each of the.teaching behavrors -and evaluative techmques pre-. o

sented in the followmg chapter needs-to be considered in light of
its efféctiveness in assisting the learner o move toward the goals-

and objectives. The diversity of objectives clearly demands a diver--

‘sity of skills- and strategies on the part of the teacher. ,

* A lesson that seeks to help:the learner appreclate and respect : all
‘living organisms.and their place in thé environment and develop
techniques for handhng and caring for living organisms in a
~ proper manner requires a different approach than a lesson that is
atmed at getting learndrs to demonstrate their awareness of pro-

’ cesses of scientific inquiry. Both are necessary The evaluation of a L

teacher’s effectiveness (including his or her'self-evaluation ofeffec-,

tiveness) should deliberatély be planned and conducted so as to -

- assess effectiveness in the four major goal areas. o
A course of study that was developed as.part of acooperative 50-
county project is avai able from the ofﬁce of any county super

_ 1ntendent of SChOOlSj R x5

Planning and Evaluaung the Curriculum

- The goals. and ob] ectives are of major tmporjince n the develop- :

ment of curriculum and the selection of instructional materials.

(This is.discussed in detail in Chapter 2.) Every lesson or,segment -
of the, science curriculum should be designed -with some of the
. objectives in m1nd (and should not.work counter to the achieve- .
ment.of any of the objectives), and the total sciencecurriculum for - -
.. each student should be directed toward all the objectives. The use -
. of these objectives as a checklist in analyzing the present cur-
~riculum may reveal deficiencies that should be corrected when a,

new curriculum is being planned. Evaluanon of learner progress

must be made in-ell of the four goal areas; otherwise, teachersand -
learners will bégin fo concentrate heavily on the areas that are -

assessed and the’ prograrn will.become. unbalanced

Q

Evaluaung Learner Ac.hlevement SR

The sample learner behawors presented here may serve as a .

guide to teachers and students in défining the additional behaviers
“they -hope will result from the :learning process; however, 10
atternpt, should be -made to -predétermine all- the cutcomes of

learning in specific- Behavioral terms. More importantly both.
teachers and learners should become sensitive to and value a w1de N

variety of behaviors.
The goals and objectives also can be used in the development of
graduatlon requlrements based on broad 1nterrelatlonsh1ps rather



_ than on gourse outlines. For instance, a science program mxght be
concerned with the relationships. between matter and energy in
bxologlcal and physical systems 1 :

' Science Ed!fJ tion "and. the Commumty | R

Science educauon does not function in a societal vacuum. The _ .
. perceptions and interests of members of the school community can
- have great lmpact on science programs at all grade levels. Pubhc\
. information _programs should be used to stimulate awareness of, - BV
and interest in, science education. Active community irivolvement '
in science instructional programs shohild be’ encouraged because
education is both a function and a I‘esponSlblh[y of the total N
community. '
‘The school commumty consists*of all those who wxfl benefu C
from the science, program: students, parents, people in industry
and labdr, and concerned individuals. It also includes those persons
‘who are charged with the responsibility for such instruction:
“teachers, administrators, counselors, paraprofessionals, volunteers, ’
and membérs of the support staff. Each of these jndividuals - -
_should obtain specific information about the basic goals and direc-
“tions of science education. School administrators can: shapeand . . .-
give direction-to these programs-by provxdmg a comprehensxve A
two-way commumcanon _process. . | N e
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; The Learnmg Environment for Scrence Instrucuon
Lea rn In g .1 Thelearning environment for saence 1s the sqg,u forthe entire
process that leads toward student achievement of esired goals -

‘and objectives. It includes the teacher, the studef§ the physical

E nVlr o n m e ni . setting, .and the instructional strategies that are used to a;comphsh

- desired results that can be measured (See Flgure 3.)

lnS"UChOn The Teacher in the Educauonal Process

The prime mgred1em In any leammg envuonmhm is the teacher A

Lr

high~degree of freedom normally exists for the teacher to use his or
her ow teachmg style to bring about the desxred studem achieve-

}valua ‘|on meiis ' sience

COMMUNITY
ENVIRONMENT

SCHOOL
ENVIRONMENT

INSTRUCTIONAL
ENVIRONMENT
OF SCIENCE .

e
X

o~

Fig. 3. Learning environment for science instruction
4 N R l'f . °
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Teacher training, district staffing patterns, and school ofganiza-
tion are important factors to be considered in determining what s
S , _ the most effective teachling style for a particular system, school, or
. ‘ cHasstoom. . Teachers tend to.teach as they have, been taught. -
L A Co. : Elementary schaol teachers -historically have acquired a general
- R - education whilé attaining their teaching credentials. Secondary
school science teachers have received much of their formal educa--
tion in the academic disciplines of science and mathematics. The

" emphasis of instruction at the elementary school level has been to -

One myth of contemporary edu-
" cation is that ' most lgarning
... takes place in a classroom and

... depends upon the physical pres- . ‘attain a basic education ‘to enhancé the well-being of the indi-

’ ente of a teacher, printed text ~.vidual, while at the.secondary school level the empbhasis has been
books, and “praper motivation.” to master the discipline. Academicians in the past have relied on.
But it is possible to distinguish - - the lecture technique as a preferred teaching style to impart- the

. between leaniing environments— content of a discipline. . K .

"% which are characterized by a Teachers requile extensive study in the field of education 1o vary _
profusion of interesting, novel, their teaching styles. Group “activifes and individualizéd ap-

and useful objects designed to be
- manipulated,” smelled, measured, " -
_and arranged—and the typical

.American classroom, which is

proaches require diffe:enileq's\her skills thari does lecturing. Indi-
vidualization of instruction is,.an instructional strategy that re- |
quires ,the teacher to maintain*a' téaching style of serving-as-a -
. intendéd as a teaching environ: manager of students and materials to deal with the wide variety of
Cment. - TS © problems .that confront students when they must assume some
R -~ . responsibility for the edutation they seek. .
Robert Sommer. and Franklin = ;'__-‘Varied teaching styles can be used to give learners interesting
:‘k" SR _ " “experiences in science if the schoool has either self-contained class-
arning Outside the Class- ‘ - . - .. o .
room.” in Learning Environ- ~ rooms or open-space learning areas and if teachers are allowed to
ments. cdited by -Themas G. - use flexible staffing patterns IR ' .

David and Benjamin D. Wright, : . : . . S oo e
S page 75 - _ Preservice preparation. Creative preservice preparauon of the »
Copyright 1974, 1975 by the Uni- potential teacher and the continuing process of updating and :-
versity of Chicago . refining competenge gacscience instruction throughout the teacher’s . |
’ career are importank 3 ors that contribute to the creation of an
— T . . excitling enviro‘nme ’

: S S ?h are inclined to teach a subject in much the

-

Jearning science. :
Because teachers o
same manner as they were taught, some of their collegiate science
experiences must be consistent with the types of science curricula
- ) ‘ < onsidered most_appropriate for learners. Course content coverage
' ' must also be tailored to the prospective needs of the teacher. In
many instances breadth ofcoverage is of greater importance than-
_ ) depth of coverage. Science must be taught-as a creative human -~
| _ . . endeavor, utilizing processes, skills, and content that can be appro-
e ST - . priately applied to other areas of knowledge and, most impor-. .
PSR e “tantly, to solving the problems encountered in daily living..
EUER ' - Staff development. School district administrators, county super-
-~ . intendegts- of. schools, and university directors bear the major
e " responsibility for giving téachers and other members of the school’s
.+ - - staff epportunities to improve their competencies. Some sugges-
" tionsfor impleménting staff development are the following:.
e Through the cooperative efforts of all éducational personnel
(administrators, supervisors,-and instructors) within a school

-.‘ﬁ\q -

. -~

N . - .
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- district, determme staff science knowledge as well as instruc-

! tional nees. Assessment of needs should include the deter-
mination of the instructional behaviors teachers ave curremly

* using. One should identify the _disparity between current $Cl-

ence teaching methods and ‘the methods’ requxred to achxeve'

the goals of science stated in this framework.

Ll Provide school staffs with various sources of science m[orma-'

tion (e.g., newsletters, bulletins, progress reports, periodicals,
and journals) for their continuing education. -

® Plan and conduct both long-term and short-term programs «

that mcludq alternative ac[nvmes de51gned to improve .com-. - -

peiencxes in science curriculum and instruction.

o Capltahze on available- reSources in the community, and co-
- operate with other agenaes that sponsor programs fori 1mprov-
ing the effectiveness of science instruction. . . .

e Prov1de released time for professmnal growth acuvmes.

" School districts should be able to assess their-staff developmem
efforts. A data analysis sheet, an example of which is shown in
Appendix E may be used in such an assessment. :

. The Student as the Center of Attenuon

Studem eed o be provided a science education that*is con-
sistent w1my their needs and desires and also with society’s wish
that they function as scientifically literate citizens. .

Group instruction tradmonal]y has met the goals of both the
- teacher and student with varying degrees of success. Indlvlduahzed
- instruction ‘provides astructure ‘and allows autonomy for the
“student to determine activities to be pursued 1in achieving the goals
and objectives of the teacher and siudent. “The most fully developed
individualized program would p&owde a rich learnmg environ- .
‘ment from which the studem could select activities to achxeve his
or her goals and ob]ecnves.

To individualize science- teachmg, the teacher must provide
students. with experlences and activities that’ have personal mean-
ing ard are at the same time saenuflcally accurate.. The ultimate
‘goal of indiyidualized learning, then, is a self-motivated learner
who is mte‘fl ted in science and is capable of makmg rational
decisions concerning science. - ’

While educators have attempted to meet the mdlvxdual needs of
students, they also have realized that the range of individual
differences is extremely broad.

‘Many individuals in the school populauon are beinig labeled
exceptional students. The téfm exceptzonal refers to a significant
number of learners who, for a variety of reasons, require other than
routine curricular treatment. The term includes individuals- cur-
rendy dassified as (1) mentally gifted minors (MGM) (2) bilingual-
bicultural learners;. and (8) students’ with a variety of physical,
emotional, or learning impairments.

3
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Supplememal fundmg has. been available to local school dx"s;, )
tricts through the California State Departmem.of Education fromy
federal funds, and mast. school districts have taken advantage of*

_this source.of funding to augment their regular curricular offer-
ings in all :subject matter dlsaplmcs, including science. The -
programs_tend to stress activities leading to a high level of mdx-

* vidualization and are often-mterdisciplinary.

The highly motivated-and talented high school science student
can study college- -level biology, chemistry, or physics by paruCIpat-

ing in.the College Entrance Examination Board'’s Advanced Place- -

ment Program, College credit is, given, if the student successfully_
passes an examination offered hy the Educauonal Testing Service:!
In some school dlSlrlC[S advanced high school studems cafi enroﬁ
part~time incommunity college courses. * Al

In California schools many students have ‘2 pnmary language

that is other than English. Until recemly litle attention- was~_-,

directed to sikch studenis, but some science matenals now are av;ul-
able in Spanlsh. Additional instructional matenals aig, needed in

4 3

]anguages other than English. . . L
“Science materials for visually handxcapped students have been
developcd in recenf years These materials invdlve extensive “hands
on" experiencés that rely on senses.other.than sight tq provide the -
experrenual bases for cgept development.’ In gimilar fashion
lences have been developed for studepits
" with hearing impairments and for those with a variety of other
“physical disabilities that'make acquxsmon of motor skills difficult’
or impossible (e.8., “individuals; with’ cerebral palsy, paralysis,
~specific dyslexia,. and the_like). These stadents’ require modified
apparatus and approaches that are designed. to atlow. them to
compensate for these disabilities. Various means-of working with
handicapped students are ‘availaile. ¢ .
Other individiials have:learning dysfuncaons atmbutable to a
variety of inherent, cultural,-eremotional causes that are qualita-
‘tive, rather than. merely quantitative, in nature. For such learners
more i¢ requxred than merely to slow down and thus ta}(e longer to -
“cover’’ the science concepts. Rather, special materials, proceeding
from a learning philosophy that acknowledges this distinction, are’
required, and some prehmmary efforts have been made ‘in this

direction.
. EachJearner has dxfferem abilities. Efforts should be madé to

-

meet each leamers needs to attam a science educauon -com-

mensu_rate wuh his or her mental and physical abilities.

N
-

Theé PhysL l Setting

The physxcal resources-of the ennre school plam and the com-

mumty should be taken into consxderauon in planmng Lhe science

-* 1Additional informatign may be requested;rrom Educauonal Tesung Servn:e. P’O Box
1025, Berkeley CA 94701 : ‘ N & ; S

n*
g
-
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, u;structxonal program. The opnmum physxcal settmg for science- \-
i <-instruction provides forthe flexible use of facilitjes for large-group
".-‘.-'-and small-group msguction, labotatory 1vitles, outdoor EXPET; -
;:ences dempnstratxons, audlovxsual pr tauons, seqamars and
vxdual pro;ect work R g
Vse: 1aalztws. The change in e-mphasrs in sclence mstructlop?
m- the ‘presentation of factual informauon to the learning of W
pnnaples and concepts, through . involvement in 1ab%ry and

multimedia, _experiences has had a profound 1mpact onth eg}ysy" e

"8 cal facxlmes ‘required for sclence instruction. Implementatron of

the various. elementary science programs may not requiré elaborate. .

laboratory facilities; however, tables are necessary and -a. sink -is -
- highlg désirable, Secondary school facilities must safely and effi-

c1emly accommodate complex laboratory procedures that. invelve

the use of volaule and fla Rable hqulds or corrosive-chemicals:. :
i i i, and replacement of these: . -

- matenals dlso shou e Iy, p¥anned and utilized; in accord~

ance ‘with -Jocal and tate -safety- regulatlons and requuemqnts.
N 'Science learning centers -or resource rooms.can be: used to. pro- -
“vide for individual student needs. The ragure -of these facilities

ould differ somewhat between the elémentary and secondary *

. “levels;-however, a table storage spage, and-a sink. should be made .
_available to provxde r ‘individual and small-group laboratory -
actwmes..The students +also will' need a varmty of materlals
-equipimeént,-and reference books.
; A fence outdoor environmental study area wuh a southern /
exposure can be an excellent resource for an, elementary school -
- .plant or secondary science facility. A small, shallow pond can be . '
- -used for ‘observing plant and animal development and for prov1d- '
ing live specimens for classroom use. A gardening.or planung area
should be included. A greenhouse can al$o be a,valuable 1nstruc-
**  tiqnal resource.

Use of sugplzes and eq{?pmenl The changes in empha51s in-
scignce instruction.require the careful selectlon and management

<

materlais Allowmg for “"hands.on' expenences requires.a wide ~ -

: Vanety of- supphes and equipment, that must be réadily available in
_ adequate supply and\n ‘good. condition. These miaterials usually
* are purchased as compyete-kits. Frequently, at the ‘§econdary level,

.basig equipment and gipply 1tems are purchased for use by several

as

departments, and specmhzedematerxals are acqulred as necessary e

for' the individual programs. _

Many supphes for science experiences can. be btamed atno cost -
2by using items that are available in the scheol .or in the home.
.“Becausé science learmng requires students to work with equlp-
k’remal Teachers should examine

ment, safety precautions are e .

and use the equipmentand materials to check out possible hazards,
organize the- classroom o fac111tate superv1s1on limit the group

a®




' drfferent stn.i”dents Strateg1es and techi

e Lo IV .
effé’r each actrvrty

sue m.,specrfrc acuvmes and allow sufﬁcrent ti

_ Speaal considération should be glven 10 Fequik ing the use of safety e
,glasses or goggles wheénever “caustic; abrasiv ;- Or» otherwrse dan-- " - -
- gerous materials afe to'be used. If the facr.lm 3 of eqyipment ate -

Rot appropriate for certam actwmes, the. acuvmes should not. be et

allowed. .-

- Before ;equmng activities with plants the teacher should deter- o
mine whether any student is allerg1c to. cértmn ﬁowers or.molds. ,° 7
" Thecare and use of aniinals in the instructional program must =\ -
. conform with lotal school policy, and with the California Educa- |-,
“tion Code. Section 51540 (formerly Sectioni 10401) of the code states - | -
that live ammals must be housed and cared for in'a humane and: - .’

“éafe manner. They muist-not be expertmentally med1mted drugged

In_struc ﬁal Sn:ategles for Achlevmg
- Goals and Objectrves &

"Science instruction Tust mvolve. (l) the nature of the sub]ect

. area to be learned; (2) the goals and ob]ecnves for the subject; and

(S) knowledge of instructional strategies that facilitate learnmg N

With&ut -a reasonable balance among these aspects the instruc-
tional . goals wil}, not be realized. = -

Thé purpose of this ﬁramework is not to present an endless array
of learning theories: Its pufpose is to prov1de basic considerations

' for teaching science, considerations that are derived from several

d1fferent theories, each of wh1ch 1s 1mportant«m planning science . |

" -instruction.

. All learning theones amply that learmng moves from zhe";famzl-:' '

iar to the unfamiliar. Human theught progresses from hazy, vague * |
.. ideas about objects and events to notions that are more clear and:
distinct. Thus, what is spatially near is more effectively introduced .
before  that which is spatially distant. A tangible idea shold be O

. presented before an mtangrble one. The present is best studied
befd‘re the remote past- In science instruction the concrete, observ-
‘ able, and reproducrble events serve as a data base for concept

" formation. At the same; t1me ‘they offer pqss1b1l1ues for’ creauvrty O
and imagination. SRR

*,Instructional s gxes‘éncompass the acuon plans that téachers
gener'ally use to elicit, observe, ant evaluate student behavigr

~ related, to long—range goals and objectives). Teachers use- tech-

‘niques and select‘learning activities that are consistent -with each™,
‘strategy and that are related to the attamment of specific learmng

= \objectives. S : 3 ‘
- NInstructional strategres and techmques are derived from what is

wn about teaching:fearning theone -methodologies  that

19
2l
ave ‘been determined/to be appropr1a% £

N

e learnmgfsyyles of -

or treated in a manner that would cause patnl e



v
ﬁnd ob]ecuve w1th each teachergand wu:}/l each leameror group of_-'. R A
- ,leatmefs.*- R S S L ST
o '_ ‘The: different kmds of Iearmng must of necesmgv work together', R ‘) LT s
"~ _ The'achievement of the objecttves in"the ragggml thinking goal, - ' LN e T

for. example depends’ 10 sorhe degree .upon manipulative and
. communicative skill§:and & upon knowledge. The-development. of
. -positive attitudes toward science dt:pends upon he éxercise .of
rational thtnktng processes and the:; acquxsmon of sktlls and knowl- o
edge. SRS ] .

. v

w - P e . ) v,y-.‘ ’ . . :
Instructton of Posmve Amtudes Toward Sc:ence L
L. Goal To . develop values, %tranom, and atti- o A e b
‘tudes that pro ersonalinvolve- "~
_ “ment of the tnd mdua zth theenvzronf-' R AN SO S
ST ment tmdagae‘_. , - .‘ .

-

- Posmve atutudes toward learnmg and science are a prerequxsxte'f. S
to the effective attainment of othér goals in science. Such attitudes - -
are more-likely to be acquired when learners hold | posxttve attitudes .
toward ' themselves, relate their-own. choices to ‘those made by
. _ persons they seek to emulate, experience success in applying. .. .
. scientific thinking and skills, and understand the relevancy of. N

- scienée to thejr own lives and life-styles. | | : T
The followmg instructional 1deas may be useful in developtng ~
posmve sc1ent1f1c attitudes. - - e

- : . .t . P . - e
i D - _ .

Instructional  Ideas That Facilitate the 'Development of
Positive_ Attttudes Toward Science . - -

. \ .
. l

Teachers can help develop posmve attttudts toward science by
doxng the followmg L i .

® Provide opportumttes for students to mteract huth mdtvnduals
..} . who.derive sattsfactton ftom sqenuftc acttvm&s and ‘modes of
.- thotght. .~ . NS
) . Determme the values. and interests of caeh stndent'vso that
=}, instruction can be built upon the student s hfe base and upon
2N his or her curiosity about the- world. A
]\ ® Be continually alert to- opporlunmes that provxde a mou]a-
" tional: basis. for science instruction. _
o .De51gn science instruction’ that provides successful expenences 1 - . _
o from the earliest_ grades onward J . - ._
" @ Help each student developa posmvea attitude towar&htmself : R R -
or herself—a prereqmstte to developmg posmve atntude§ to- _ e '
ward science. g N 2 A , C e
o-l'.stabltsh an environment,that mgludﬁ a vanety of mteresung T C N /
experiénces and opportunities to explore, gawr data, examlne IR -
alternatives, and sttmu'late cunosxty ] LT

’ Q ' : - . . :. -: N '_'_._-" ) o ‘ J S "_ R ' R
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’Instructmn -of Rauonal and Creanve Thmkmg Processm

Goal *To develdp and apply mtzonal and crea- e
| tive thmlqzng processes ™. A .

Educauonal theorists and pracuuoners are not in agreemem on .
the most. appropnate method of achxevmg the ability {o think.
rauonally angd creativ&ly. Each of the. following instructional ideas,
_"which were ‘derived from current schools -of’ thought has had

‘success wnth some’ studem.s S s .

>
<

lnstructxonal Ideas That l’aahtate the Development of
., Rational Thmlung Processcs Cen

‘. Teachers can help dev,elop rauonal thmkmg processes by domg N
e ,the followmg' Lo £ et SR ; &
xR Create classrogm sxeuauons in which each. studem can parua-. I
patein a saenuﬁc mvesugauon—a situation mvolvmg theuse- { =
- of sdi ¢ inquiry to'selve a problem. For instance; a'student " }:7/-
'éon med with a discrepant event could propose ex lanatory s
S eses,’ test those' hypotheets ‘experimentally, dfaw con-‘,
o --clnsxons, and ‘make’ predi‘cimns from the results. - . .- ..}
e Gradually’ mtroduce mcrasmgly complex and progressnvely.- ‘
. less-structured prohlem situations. ™ ° . : R R
® Build, as much as possible, on-prior larmngofsxmplemqun-y'f; S
processes. Some theorit \hold that to perform the more com---i . .\\
‘. plex thought processes, one must have gained competency in. |
performing simpler processes. (such' as observing events, clas- - | - -
sifying collected .information, and. quantifying data). Others |- .
find, that these simple processes are more. effectively lmmed by- = I
some students when they must attain these- competencns in-} .-
. ‘order to_find their own solutions and. expla ations. for the )

o -_]problems and events they encounter. . . o r\ REN PO
., -® Provide experlences that parallel those of ‘the smenusts by . A
-+, making " avallable mvsuganons involving phenomena, con-
- , - P - cepts, and facts abdut which’ students. have already acqmted

Lo ~ .- 71" some relevant knio edge., -
R T . : ‘® Start 'with a. complex problém’that the leamer cannotresolve ;
e AT T A A upless he or she has additional knowledge and skills, Proceed |
S, T - o to break.it into smaller component problems that can be | .
& s e oo . - investigated and resolved: Thinking processes and knowledge 1. .
G e . . f- - thus can be developed systematically tg the pomt where the Co
LT : Co ‘'l - student:can handle the larger problem: -
e o . "], e Encourage students.to define their own problems, obtam and
- o ) . |+ process data, verify ‘their hypotheses, and derivé" alternative: |-
e K o : ’ 1 explanauons of ob]ects and events that excur in the umverse. S

. . . i - : .
: ’, > t . P . - P . N . B . N .
- . . . " . . S
K B . . M . .1 . CR . . . .. o “ E
. - J .




‘ ‘ ..- . a ’ \,/_ A , . : ;;
: Insn'ucuon of Mammxlatlve and Commumcauve SklllS— ' }'; ".“‘-" °
Goal To developﬁmdamental sktlls in the . e R o
o a manipulation of materials and equip- < - . T To

mmt,zhthecareandhandlmgoflwmg-r;. PR N 3 PRI I ST

......

'- i .. organisms; dnain the collection, organs= ' T e

| . zauon, andcommtmzcahon of sczentzﬁc'- ' o L X ’ L
Students enerally can. acqurre a skill’ most effectivel tis o T - E

taught at.d time when. it contributes to the attainmer. 8 other. - U T s
. goals or ‘more ‘complex skills. Skills, whether communicative or’ UL L e
mampulauve, are . best learned mm the énvironment in which they = - s
gtreused ‘ . R —_
: ’ Because the readmg skxlls of some students are far. below g'rade--"
‘ rlevel expectations, ‘techniques for assessing thé readmg levelsof - .
‘ fsrudents and pnnted matenals are mcluded in‘this framework (See - 1 .
Appendix F) ‘
The followmg 1nstrucuona1 ideas _may be USeful In deveIOpmg
skllls m science. : .

v . . - N

i .

Developm t of Skills in Science

achers can help develop skrlls in scrence by domg the follow-
' mg' .
oo h e Arrange skrll developmentso that iis gradual a-nd sequenual R
"t ] e Demonstrate the skills that g:udems are to pracnce. This | - '}

‘\ l _ _Instrucuonal deas- 'I'hat I-‘aalnate the _ ‘. - 1 S

‘facilitates the mastery of labsratory skills. -~ . . -

o ‘Have a vanety of resource& able for student explorauon

; K and use. - oy ¥
. 0 Encourage interactions between students to develop mampula- '% B
R O tive and commumcauve skills. Co
-1 * @ Create situations'where learners are motivated to acqurre the , . 4
-+ skills needed to reach a goal i.e., solve a relevant problem 1 ’ e ,
s fe Devise and provrde opportunities for students to share scierice S, oL e
.} ideds and expenences outside’ the classroom : T R
“..} - & .Help leamners attain the highest }el .of skfl competency b; 4 e, . .
‘ showmg them how to devele mampulauve and com- | - : :
. municative slulls needed in 1ndependent investigations. : , o Ty -
™ © B .
' A -
s , R J -
) \ - 7 -
t - .
N 4 .
: 73 | 59




Y

‘encourage their use in the mmpretauon
of the natural eﬁronmmt :

. ~The: knowledge of ‘sciénce’ “and’ related sub;éct& mcorporates o
'.,-"personal experiences, facts, coricepts, prmc1p1es‘ and gene-rah-
uo\ns Various methods and techniques. tan-be: used to impart:

\ lnstructxon of Scxenuflc Knowledge LR

' Goal To dwelop lmowlcdgeof processes; facts p
L | principles, generalizations, andapplica- e L
By f tions-=the product): of: science—and - T

- factual knowledge The following irfstructional Jideas were deTived-".

- from theories of"concept formation and were,selected for their = -
- yelevance to science ms:;rucuon The 1deas should be useful at all EEEE

‘grade levelsa- RN U P TS L
ﬂ - P Instructional Ideas That Facilitate. die 'r-“ .
AN AR Acqmsmon of- Scxenuhc Knowledgc
’ - Teachers can help leamers acqture saentthc knowledge by domg
: the following: - - oo ..

® Select a sequence of learning experiences -that wnll help the
. = student prooeedfrom simple to more complex concepts. Generally
! speakmg, simple -concepts are those that (1) are the most.

ties; (3) are most ‘closely related to known concepts; and ‘(4) :
" - require the studénts to ‘process the least possnble mformauon
.7 at each’ learmng attempt. . S S
.-O"lntroduce students to a variety of sntuauons involving the
same concept. Conceptual systems- are built as the learners
see connections and mterrelauonshxps developmg from one
. situation to the next. :

e P;ov.lde students with expenences or seientific data that con-
" flict with their-present conceptual comprehensnon of a familiar
. object or event. This will stimulate. inquiry and lead to 2

.. . broader or deeper conceptual understandmg .

® Devise or have the learners devise a technique that hnghhghts
the relevant characteristics in examples of concept application.
Snmphfned dlagrams, models, and cuing devices are.all helpful
in alerting students to sngmflcant aspects of ;he stunull used in

: categorization.” - .
|- Provide experiences that s " help leamers synthesue their
' : knowledge of related concepts intoa broader concept, generali-

zation, or principle.

® Encourage students to use .their conceptual knowledge to
) explam observauons of ob)ects and events in theu' daxly llves.

familiar and concrete, (2) have the most easily defined proper- -

\J

- .
P
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F_valuatlon which is a contmual ongoing process,

Evaluauon Techmques for
Detenmmng Student Progress in Scrence

clarly linked with the educational ‘goals and ‘objectives: The
- Tnain implication of these goals and’ obJecttves for evaluation of
d&rner achtevement ‘may be. summed uis in the terms variety and
balance. No one or two techniques, however effective, can suffice:
- 10 assess learner growth toward the attitudes, thinking processes,i- R
skllls, and-knowledge defined here.. The techmques used in teach-

follows. . R

5. Performance tests can

(observing other students or ol%servmg thernselves),‘prm-

tlpals, parents, or other individuals, are important in evaluat--
.- ing progress. toward- objectives. Observations: can be drrected

generally as whén one is looking for evr.dence of learner atti-"'

" tudes that are revealed in spontaneous situations, where -the -

other- situations’ qbservations can be spetifically directed as -

when one is_ lookrng for. proftaency n laboratory sktlls oral

commumcauon and: the like. . .- -

2 2. Discussions - and interviews with students or parents can be
‘ vaIuabIe in evaluatmg progress in all four science goal areas.:’
Tapes or notes tan be helptul when the i 1nterv1ews and dIS-'
ﬁ cussions are bemg analyzed. . SN :
3. Quesuonnalres' opinién. survews, and semantic dtfferenttal
* .- ratingscales can be used . to evaluate changes in learner -

attitudes. Care should be taken. to ensure. that the learners.
feel free to express their true feelings; i.e., that they do. not feel
" pressured to respond in ways they thtnk w1ll be more accept-
able to teachers.

4. Student projegts, written and oral reports and responses to

essay-type test” questions can provtde evidence of progress in
all four goal areas. This may. involve a pro;ect for a science

class or the selection of a science-related topic for a paper or

project in an English, art, or.social* studies class.
used to evaluate manipulative skills.”

Evaluation may be’ by the teacher, other learners, or the

individual involved. .

6. Objective tests are useful in dragnosmg and eva.luaung the

growth of knowledge and the use of rational thinking processes.

- 7. Auendance records, transfer requests, and enrollment data

P

showing. the actual number of students wvho- avoid taking

- science courses,can provide useful -in (ghts-for ‘evaluating

Lt

student attitudes and learning experiénces.

" 7. ing toward (and-evaluating attainment of) a given ob]ecttve should. - ... "
» "~ -be-consistent with- thQse used in.fulfz 14 other educatronal objec- LT
. tives. The various techmques of eval ng student progress are as’™’

1. Observatrons, whrch ‘“can be made by’ teacher:s students;‘f-_'_ o

.A’_

) leamers do not feel that they are being, tested or graded. In




PR I
- o Evaluaﬂng R
tbe Achievement.

of Positive’ Aﬂitudes |

Toward Sclence ;

To develop values, as ratzons, ‘and attz- 1
: tudes that promote ‘the individual’s per- k

Goal

- sbnal. mvolvemmt wzth the enmronment

andsoczety Lot ,; ARSI

-

JTE AN

The development of posmve atutudes toward

ience requires ar’integrated relal lonshxp among -
.overall goals, spexific objectives, lparner behavior,
" teacher behavxors and evaluau s of student -
© progress.

The assessment. of- alutudes to be honest and
effective, must be separated from the system- of
" rewards (e.g., grades).

Terminal ob]ecuves for the atutude gqal de—' '
scribed in Chapter 3 are presented in Chart 5.

. Instructional ideas that can be used to achieve

* ‘each objective- are included on the chart, along |

. with suggestions for evaluating learner perfor-
marnce.

S ¢ . 7.7 " Terminal objective - .+ - o

'.'L- T _) R

<4.£.', : B et
® : LR
o . - g ;
: - 8, -~ - ,
Y . ~ :

Th:eleamer e o
l Shows cunosny about bjects and events. [7

w

3 2 Shows an. awareness of an responds ina’ ™\

in; the envuonmem

N -

j,_.,:.-‘_. el

3 Appremates dnd respects alI lnnng orgamsms -'_,' S
(mdudmg self) @d then' place in the envuon-
meat. . . $oe]

4. Takes an’ acuve role in- solvmg soaal prob-.f -
lems related td Sclence and teehnology} Bt

o . e L

RIS B P "
: é : N
. . . ¢ -
- < .

5. Weighs altemauve saenuflc, econormc, psy
chologlcél or ‘social factors when conmder-;
_ing possxble resoluuons to, problems PV

DR

-~ r . h
~
V- R . { e
- - \
. . . T
’ . N T . '_.' . '\
A o o e ‘
o o o




whrch to become meeresred

~ N

T. 3.

,r_.'v.:-v_‘_ . * L ] .’ff’ - ' ) < 4 - ) .
AR l.._ _ i . F S— — 4” "
Em e ' , IR 1T Evaluation techniques : - ok
,'.'_.‘. 7 .- : v e . (See -page 61.) 'x'.:
f | - ) - —T v > L -
. <. v o ) . @ R
e 4 SR IR PO T~ SO B R W
R -.:. S _9 . w ' ° ] . : - _b-
B BRI e : . : por -2 . S R )3 -
L Car B SRR s {8 » s .1 E 2 =
. . . - . : 2 = S g £ s =
— . o — ‘ . o 2 4 & e | & ¥
S L bz 2] &g e |2 | =5 | 2
Sr Examples of teacher behaviors == C. \5 & & & |*C =
. -Demonstrates interest and pleasure when'con-. | X -« X - X X
L fromed with unfamrllar objects and phenomena. | © ¢ - - e )
-Confronts learners with_ objects and 'events m'". S R
- s : . ‘. Y
X

"y -Shares feelmgs of/gpprecranon for the aestheu- .

. cally pleasing - (e.g., organisms, color changes o

and crystatb. formations).

: - _°Accepts dvaers feelmgs of aesthenc appre a--
'.,_ uon pressed by learners L % -

-Handles lrvmg orgamsms carefully, : \ \

e Discissses ‘with ‘class .the ways-of minimizing envr- '
rcmmental drsrupuon on a f1eId study. - v' -

. Pracuces conservauon of energy and matenals m
- "“the classroom. : :

* Asks d1vergent qpestrons aimed at® mcreasmg the
learner s sensmvuy to envrronmental problems

: wEncourages ‘each learner to collect data. from many
- .sources, to form opinions, and 0 try to, influence
~ opinions of others about community problems in-..
' volvmg science and technology : 3 k
,-Accepts learners’ opim'on‘s and values relating to
sqcially significant problems (e.g., overpopula- .
tion and energy shortages).

-Asks quesuons thag\encourage cons1derauoﬂ of -
..the economic 1mpzct of proposed solutions to the
¥nergy crisis.

. .
R
¢
~
.
“
..
‘- .
. -
e .
o ' a
L) It L -
e, ~ e -
e e .
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R Chart 5 (Continued) o AR
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) A el Terminal objective = )
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. . ¢ -
. . R .
Y
N r . v
. ; B
~ o -
3 .t
’ . Y- SRR
! £ “ - -
- ° Ki
G , - C .o
.. - vk
R S - . g«

ERIC <. - . o 0

(. > . . AR
PAruntext provided by enic ’ . .y S Loeee T

Tﬁ‘e’leamer. B
- 6. Qrgémzes and reports-the results of scxenufxc

-

7 investigations_in an honest and objective rhan-

"a. D S S S N

7* Shows a w;llmgness to sub}ect data and 1deas L

Lm the crmcrsm of peers. ooy

. . e . o S
Lo U SRR
. a F v‘ .>- . - 4 .: ,‘V,
) 8. ‘Has a cnucal guesuomng attuude roward
mferences,,hypotheses, and theones. '

9. Habitually-applies rational and creative think-
ing processes when trying to find relation-
_ships among seemingly unrelated phenomena

.~ and when seeking solutions_to problems.

-,

10 Gl.ves altenuon to and values -science as: an
endeavo
Cuhural groups. e

- 11.. Con51ders science; related ca&r?and makes

.~ realistic decxsxcms about preparing for such
“¢_ .careers;. takmg into account abilities, 1nter-
 ests, and. preparauon requlred ' :

Sy, . .
. " N
" - - B . . - .-'
~ :
A o . -
. O ? - °* ’
- % LR

f hurnan bemgs ‘from all racxal



oAccepts leamers

. '_‘.Acc

mvesnganons, .

L

-

. ‘Evaluation techniques -

. P .
S E )

L

~

-y - Examples Of Leacher. behaVld;S F N

- Observations

Y

-

Interviews

H

ojects, reports . |-

- Surveys |

.'_Pl”

o
N

'Per[orma'nce teSts'

3

Objective ‘tests

L
AR LI

\

_Miscellaneous ~ - |

‘

7
- The teacher. - -

*Does not place uridue emphasrs on learmer’ snbtam-
mg “‘correct” "or expected results “in borafory

H

. «Provides- opportumttes for class laboratory data” " |-

to be-posted in a way that permits.discussion of

anomalous results without subjecttng leamers to

: embarrassment

?tlasms of 1deas Opmlons
and - mterpretauop advanced durr
sron. L : )
h -Mamtams an atm‘osphere in W.hlch learnerivcan
cr'1t1c1ze 1deas.’ w1/ ut attackmg each othert :

ts the learners cnucal qu‘eSttonmg am-
tude ward theories, even those widely accepted
by’ pracucmg scientists and even those the teacher

" may have come to regard as “truth.” = 4

.

«Encourages students to. question what they read

i andhear -

-Accept.s and encourages the learner's attempts to
apply thinking processes to a problemy even’
when they lead the learner away from the/ right”

. answer. _

Tels wxlhng to admxt not derstanding a discrep-
. ant event (e.g., “failure’’ of a demonsiration);
seeks explanauons for what has been observed

. Encourages fernale- students to con51der entermg
_ fields (e.g., engmeermg) tradmonally stereotyped
' as ‘“‘male” activities.

“.. o Cites advances in science and technology brought

~ about by persons from various racial and ethmc

- gFoups..

S

;" °Expresses adm1ratton for persons engaged an |
ctm

1ence related work that requrred exten-

-

) bortuni xﬁ.
g eneaged

a discus- .

r learners o mteract _
sc1ence-related careers. -

)

K-

<y




5Eva|uaﬂng
1, e Achie VoI

twe thmkmg processa j'

Eﬂucators frequemly make dlstmcuons
among attitudes, skills, content, and | processes
- when'"they describe educational goals and
“evaluate program ‘results. Processes are an
’ xmponant part. of science education., When
makmg an mvesugauon the learner engages ‘
::q .gbservation, measuremem classmcauon ,
»aﬁd oeher processes.. R .

'ﬂae teminal- ob]ecnves for the thmkmg '
process goal “presented in Chapter % are hsted
An’ Cha.rt -6 Instructional ideas' that/can be.

--used o achleve ‘each objecnve and suggestions

‘for mieasuring that achxevernent are included -
. in, {he chart.. o

: . . .‘-. R ) , N - - ] . . .
.- .- e - | ‘ - . . .
T . . . Tt .

\8 Bevelops ablhty to apply and evaluate data

. - - N . ‘
S : ~
> ! MR . .
' .. S :
“;Terminal "oséectiyc o
~ The learner: \ :

T 'Develops ability to generate data by observmg, . 3‘
recallmg,)ctognmng, 1denufymg, and m&-- '

- surmg RS _
R . o ) '1,‘ 0. Z
- > - N
., -~
‘« - N -
a\. o ‘- . .I.I-
. ° el P
e P
-~
¥ , :
° : T

2 Develops ablhty to orgamze data by cornpar-
/-mg, ordenng, tlassxfymg, and relaung '

. '
—_— -
H \ BaN - kY
.o 2
N
N
.\ - -
. -
b - .
- » et R . i .
et L e " N -
ST, . .
.
vt

BRI T , ‘and generate theorigs by-hypothesizing, pre-
R . ' - dicting, inferring, generalizing, theorizing, ‘ex-
- plammg, ]dsufymg, and ]udgmg I
‘o { . R ~ ., -. . '_ . ,’ PR ,:'T: N ,
o * P e e
. 2 - ‘,-__ . / L.y - L * ¢l TR -
B o . e A -t ‘\‘.~ R
o . . - :‘j .r - . ) - ’;A i el e Y " > - ' ) -
S e ’ : 4. Uses data-generanng and Lheory-bulldmg pro-“{_
: : ‘ i cesses in a cyclic manner. to 3olve a,pr lem"
‘v o v -7
L= : -Le paruapates An. saenlrflc mqt.u »
. L . . appropnate level 0 ';‘ ) e T
" L] LT N Q P -
o VA . < : ) . ' . ]
. e . ; 1 ‘
P ‘ P o e - ‘ . - . . ﬂ"" -",:‘ . ' f '
' ’ '»:_4 'S-Q’ . 1.- .)'. & ;— : "'A ."‘ig. .‘» X ."t P
‘ ¢ )’ ."' T . \;’) Y "' - L -




o ‘fhght of a paper. auplane
e Prowdes opportunities for learners to match- oral JF

Y ot - A . - .
I L . c w B N N s

Pz _ --_. — — ‘.‘- 1 1.

‘Evaluation techmques A Y
(See page 61.) R )

a N . B -

L Examples of teacher behaviors *

E TR
Projects, reports

)
.

5

L)
’

-

‘Performance teslis,
Objective tests |

.Interviews .

.
3

.OBservations

@ b S :

'I'he teaeher' AT e

« Makes p05s1ble a vanety of laborato '
\} tions and field expenences. -

= Asks leamners to réport their. observatton NE.E.,

the characteristics of a rock or orgamsm or the

. -
e

* or written des¢riptions with models, pxcturesﬁ or
specimens: of the objects described. _ -

* Asks convergent quesuons to. :emforce learnmg'

of important facts. - SRR

. Confronts learners with dlscrepant events (e 8-

x .

I's

’

>

B

2

e

-

. .' . Has learners when m

‘owl pellets or pulse glags);. encourages them to
ask. questions and note relattonshlps to other
phenomena. ' :

« Asks. iearners 0 develop schemes for ordermg or._

classﬁymg various objects.

. Suggests alternative: explanations for a phenom-

enon; asks learners’to-evalyaté ‘those explana-
tions in light of avatléble data. ¢

* Calls upon learners toj;

bally and experimen ly.f - -

“ments (such. as tempe

. four. measurements -are made: L

.o Prouﬁes "opponumues,b‘r’ leamers to parttapate i

~ inresearch pI'O]ects. R .
oAsks d1ver§nt quesuons. —_— ‘ -

K Followmg an; 1nquuy lesson, rev1ews w1th I

R °Calls upon’ léarners to dCSCI‘le and. evaluate the .

atape of thé& discussion; pomtmg out. sequences

-

of. mquuy processes useds. .

mqu1ry processes they use

mvest‘iga-' '

est'- their hypdtheses:_ ver-

ing a series of. measure- "
ture versus pressure of 3. |
gas) try to predict resalts after the first-three or’

o}

~ K -

P -
-
¥
[

-
»
-

~
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";ff _-?- - Evaluafing .
S ihe Achieve ment
- ..of Skllls in S¢

Goal To develop fundamental sktlls in the
e ’,-’.* mampulatwn of matérials and equip-.
* [+ ment; in the care and handling of lzvmg

3 orgamsms,.and in the collection, organi- .

E zanon, and commumcatzon of: sczentzfzc :

i - mformatwn

*

To become successful scientists and citizens *’
‘ of the ‘community, learners must first develop

“their mampulauve and communicative skills. "*

The terminal objectives for the skills. .goal'
presemed in -Chapter- $ are listed in.Chart 7.

- eEach objective is accompamed by instructional
-ideas and suggesuons for evaluating student .
progfess

\ ‘ ° N -
. 1 o .
SR . o, .
AEA— \- - *
. B \
\‘ E
.’ A ] I N - ‘ \._\ )
A t R

Terriinal objective -
‘The learner* . : - ' '
_ 1. Assembles-and uses laboratory apparatus Lools

-and materials in ‘a-skillful manner, g1v1ng due

attenuon to agadent prevenuon.

. g K - . e e
v : . . . oL .

2 Demonstrates proper techmques of handlmg
and caring for hvmg orgamsms.

\s./tr\
'

3 Gar.hers the descnpuve and quanutanve mfor-

mation needed for ‘developing or.tesung mfer-

ences -and hypotheses by making purposeful
ob_]ecuve obsetvauons of L}

v -

-

4.. r.hers needed information, Whlch has been

‘  ‘tentérated by ot.hers, from 2 vanety of SOUFCES. -

. " . -‘ = ._

mgs and events \




L A Lot d

-:‘_ . _" i‘ . . 3 . LN Q’J T PREVL I i
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AR . T ( *. Evaluauon techniques -
- . o~ < - =
& 5 , o (See page bl y
. - - . Y R . * Ly - B :
3 e ' . ) . ) . y 3 R o e N
s - \’/ - * 'E § w ‘ m/ .
. v - . g .- -, = .
. .5 e & 8 g . Q-
° = N - -2 : =1 § v g
N : . N B § q‘:' Jow - 3-., £ 2 =
S T ' N e , - A s “g- ) .E ) .
7 . Examples of teacher behaviors C + E.|.&a & | -& | O | =
v, The teacher B S ] e . i e :
e Provides sm’all groups of learners with appro- |- X X X X
pnate materials and without giving further direc- L . T
“\- tion; asks; each to make an electromagnet that [ B8
wrll ‘pick up three paper clips. T, .. . {
: RN N
: -Demonstrates the assembly of an electromagnet oo T e i ‘ .
tusing -dry. cell, wires, nails, and the: like); chal- - LT P
. .. lenges learners to make better ones. - . IR
- * Cautions learners about the'hazards mvolved ina Y - St EERY
partlcular laboratory investigation; demonstrates ] N - ol e
ways to minimize them. : ST . .
-Demenstrates incorrect assembly or use of labora- . .. o o
" tory eqmpment inviting . the class to crmque o )
N : - = RN Ty o L
: °Keeps a varrety of 11v1ng things in the classroom D G o X X \ X, /
"Assrgns on. 2 rotating basis, specific reSpon Wil ' ' oo T F ) A
' ities for the ‘care of,lrvmg things. , . . / .
Arranges for a .resource person from a nature Lt . 1
. museurni to demonstrate téchniques of handlmg I ) S o .
and carmg for animals. -~ . , . . S . E SRR
. -Provrdes op rtunities for learnerstd make, record, X. X XXX
— and. compare observations and measurements of. ;’ ~ . - e
orgamsms, chemica}, reactions,” geologic .forma- roLl T ( N
N tlons ph0tographs arrd the lrke : o o N - S s
. [} N . . . 4 . \ -
"+ Has learners measure the perrod of a pendulum, { ' UL <
L speculate about what could cause' the period to - o A
change “and -mampulate varrables to test therr ot " T ad
) - © ' C Q ¢ - / . ne . - ) ‘
. "‘-\/Iakes a vanety of reference materials of varymg XX Xy X X
~ difficulty accessible to learners.” - - c St : o
;" eArtanges for learners™to prepare for'a tidepool - < . L L e
| field study by cosulting maps, tide tables; check- . 48 ER o,
=’ "lists of -plants and, animals likely to be féund,™ . . LT A
weather forecasts; and the like. ' . e 7“'
‘ -Helps learners: _develop techmques of effectwe . 0 ‘ o R
"_ readmg of Scrence textbooks and other materrals R _ N LT )
(See Appendlx By S g
: .’ ) - ~ © . . .’ ) > . ' 69
. ' N A T . o .
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Terminal ‘objéctive ' - _
. ¢
b 2
.l ) P y ." ' v.
e leamer“' . . . K -f-

"data and ideas m ways thiat enhance thelr use
.fulness. '

- . T o e
. : Y
e A
6 Qommumcates wnh others: (omlly and in’ wm-
', -ing) In 2 manner “that is’ cons:stem wuh a
« knowledge of scientific conventions and: that
Iaalnates the ltmnmg of the hsteners or rmdem
’ t - By
Usés the Imemauonal Systemn . of Umts (SI)
/ metric system effecmely NN
- ’ ' . .
C P

8 Apphes appropnate mathemaucal concepts

y and. skills in mterpretmg data and sol

~

problems R .

. b -
. - - - . '
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The t&cher. L o : .

N °Drsplays samplts of accurate, well-orgamzed obser- .
'{m vauon Tecords. . Jos ) _
. -Provrdes Fnslogram or graph to display results of T e P -

. -aclass laboratory investigation and facilitate dis- . - . S RN
=7 cussion of vanauon and ‘central tendency B 2
| © *Has learners graph plant groth usmg smps of § .. s , S

- . -paper cut to length of plant. . I TR A R LT -

>

. ";' >< ‘
s
>

-"-OPrO'vides oppo'rtu ities for learners to make oral" X -X. X X. X7 oo
_reports on their inyestigations and to respond to } oo T
quesuons "and torhments. C < oo SRR B

'°Encourage,s Jearners to prepare scienee reportsfor-- r S T Y e
the school newspapef or-a local radlo station. | . ‘ S D

i -,'Hasleamer's make and callbrate their own metri¢ | - X T XXy
e measurmg instruments. - T

~

« Uses metric systern consistently mdr ssingexperi- | - -, I R R
-mental results and descrrbmg obfects and events.- } . o s S a . )

_.A.-Provades multiple opportumues for learners to P LT
measure and make calculauons usmg the mt?!rlc , , B D S =

N ’

. system o e R - o e e
B -Pro opportumues for learners to gatherquanu- F X . S X 7. X 05X I

tatiyff data and make calculauons ofrates averages T S R R
densmes and the like. i . o e T e e .
. »Teaches and remforces mathemaucal skllls as b T N T T T
needed by learners. : R EE O St E Y T
- ‘e Provides opportunmes for’ learners to use calcu- el e (v ' N
T"-latﬁand computers. - . T N R “ e
- . Y N . X | e e -:e'.—' . ‘ . e ‘A.l' -
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deo o WdEe T .
quluoﬂng
-.:'._';-1 the Achievement
U " of Scientific ';
| Knowledge .
knowledge of proccsses, facts

courage their usé in.the interpretation of’
the natiiral environment .

‘4
.

.. Scrence is as much an orgamzed body of
knowledge as a system or method of dis-
¢overy. It consists of both.content (fact and .
generalizations). and method“of discovery..In
the classroom discoveries (content- knowledée)
carfhot be~§eparated from the processes .of-
1nvesugauon Thus, instruction must include
content. knowledge and the methods of -
_obtaining’ that knowledge. . <Y

The terminal objectives for Lbe knowledge
goa] presented in Chapter 3 are ‘listed i Chart

e
" -+ 8. Several instructronal ideas apd processes of 7
- evaluating' Brogress are provrde for each
C objecuve B o
- ST e
T T, _

* generalizations, .and applica- - | -
the. products of scierice—and en-. .

. . ‘/ . : . ‘
' \ ' Termmal ob]ecuve R

The learrier: .

2. Demohstrates knowledge of the contenr. of the
ma]or scxenuflc subdlsaphnes ' :

- eralizations, relationships,, and prmcxples ap-

. women of various races and nationalities.*

>

e.
‘. - : -

-
a
¢ . l'q
. | N
: - : - . - c .-
o .o < .
857
P . ' °
- N ¥

1. Demonstrates. knowledge of the processes of
. sc1enuf1c mqurry ‘ o
w S Cven ) ; ,
SN L - . - .
. - P . LE
- o ..‘: '

3 Demonstrates understandmg of some. basxc gen-

-

e

phcable to, all the sciences. R
, S » . 'l L -
"4, Demonstrates understandmg of the relauon-,
= shxp between science and society.. . .~
¥
- Joe S T <)
5%onstrates knowledge of scrence-glated'cmeer? 4
opportunities and the preparauon needed to. -
pu‘rsue-scrence-related careers S o
P x L
- ’ ‘- P ‘ ’ i ﬂ.
.\;. 9 . ,
. - r:

| A 6 Demonsuat.es knowledge of the contrlt;utronS" g
- to science’ and technology made by men and



K

e Evaluatjon techmques

(See page 61.) -

e '7’ Examples of -teacher behaviors
. s , ~ N

L

Observations

-

LI

15 Intervidws

., .
’

P

.y

Projects, reports

N e

‘Objective tests

Surveys

Miscellaneous

'I’he tea -‘ -

. ind models processQ of scientific 1nqu1r§
' encourag

and. hypotbesximg L '

'Calls attention'to-and identifies various aspects of * " |
- thei mqun’y process as they occur in the cIassroom o

‘ . and laboratory

erving,.’ cla551fy1ng, quanufymg,_-. B

'-Asks convergent quesuons to remforce learmng' :

of important facts. SN .

. «Introduces . .major ideas (such as energy conver-
_sion) repedtedly in different contexts and demon-
strates the broad applicability of such ideas.

-Prov1des opportumtles for learners to apply basic
scxenuflc prmap]es to explam unfarmhar phenom-
Coema. . |

' -Encourages learners_to speculate ‘on how the1r
lives ' would be dlfferent if certain scientific dis-
Lcoveres had not .béen made Qr had turned out

. differently. - .

' «Creates opportumues for leamers to become m-‘

“: volved in community prob]ems 1nvolvmg science
and technology .

*Shows- famthanty w1th various saence-retated
careers.. - - -
_.eProvides learners with information about the
preparauon needed for vanous saence—related
-careers. - ,

" eGives examp]es ot how knowledge of science can
“'be usefal in careers not normally considéred +‘sci
ence-oriented” (e.g., law, Journallsm busmess
sales, and building mamtenance)

%xmgs to.learners’ attention scientific and tech-

-

-’.’ n%loglcal contributions made by men and wom- ,

-~ en.of various races and nauonalmes ,

' -Prov1des opportunmes for the learner to interact
-with ‘men and.women who have made contri-
bunons to sc1ence and technology :

Q

C‘l

.

€~

M

s
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Evaluation techniques
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relauonshxp of scxence to; other suhject areas Ce T o Do
\ Seosom . - _. . . e.. - L. ) . . C _a" ) .
'Shows lmers the ways jn WhiCh knowle’dge of ‘ X X- X . X X
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in- personal decision making. ¥ ‘ I;?
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" The search for truth is in one
" way hard and in another easy.

For it is eviden! that no one can/

master it. fully nor miss. it

- .-wholly, But each adds a little to

- our knowledge of nature, and
~ from all the facts assembled
~there arises a certain grandeur

. Aristotle. , 384322 B.C.

i

-

i "possible match wvith the needs to’

T Almosta

- under four m

Scxence can be thought of as (l) astructured dlsaplme or body of
knowledge,, (2)a powerful way of acquiring new knowledge; (3) a ;.._ L
- basis for-technology; (4) a.potent social, economic, and cultural S
‘influence; and (5) an mteresung avenue of personal fulfillment for e
‘both’ the scientist and the learmer.: A various ‘times (and for, -, --
- drfferent reasons)hhe science taught has emphasxzed oneo anothEr 3'.-\' e '_ ‘.’
- of these facets. For instance, the curricalum. refdrm of the 1960s -
"hlghllghted the processes of sctence anﬂ the sr.ructure of its d15c1-
~plines. - = o [
To meeuh@ needs of. Jeamers durmg the commg yEars saence .
teachers ‘must’ emphasize all these. facets in a balaﬁced program. ‘
Science constantly must be related t language, ‘mathematics, i
social sciences, career opportunities, and the creauve'{sae of lexsure
~ time. If teachers are 10 meet the needs.of learners, they must use - .
“effectively every strategy and techmque at thexr command No
‘single solution will sufficey. ;. . ST L L '
Fhe process for- ugprowgg"fmmaxlum and instrug¥ion in science is
much the same as it is‘for improving-curriculum and instruction -
in any subject area. One should study the existing programs and® ..
" de ine how they are helping the learners. If certain goals and -
objectives are not bemg met for somé of the learners that is the -
»~signal that change is needed. If time and resources are avaxlable,,a
.new curriculum can be developed by formulating goals ind objec- -
tives, deve]opmg structure,selecting content,srewewmg materials,.
and establishing evaluation, criteria. More oftén, the protess. will be”
~one of looking at existing curriculim’ materials, finding the best
¢ served, and adapting and ,
“supplementing themt as ‘necessay fot effective 1mplememanon In 2
. either case. nothmg that is prmted orf paper gﬁuﬂ work miracles. - .. !
: that is really an improvement in curriculum will - -
rs learn new ways, of working with learnéers. The .~ '+

- interacyfort that ‘occurs among: the~teacher learper, materials, and -
ideas is the * ént of truth” urriCulumSsimprovement. - .. -
The objectwes et forth in thxs famiework have been-classified o

oals: attitudes, rational and creativ thinking - =" ™.
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prbcesses mampulatwe an.d‘commumcauve skills, and knowl-

. edge.” Regardless of how the curriculum is organized, the maie-
.and evaluauve tech-

_rials, teaching strategies, leammg experiences
“niqués -used. must be cons:stem wuh Lhe :
balance aniong them.

B - ,_ :
~The. teaclnng of scie ce must rgotivate y ng people to commue
r learrung “This is an ﬁwesome challenige, bt because the- processes

of sc1ence are-atthe hkart of all learning and the “spbject matter of
science is as broad and aned as thwmverse usel@gtudents should
- attempt | no less. : — e e i
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The content of science “cancbe summarized into broad generaltzattons :
that mterrelate many specific facts and principles. Such generaltzatrons :
Co cepiua| or concepts, can be the basis for the selection of thé content to be usedin
- science instruction. One should emphastze that (1) the very nature of a
scienuist s to be contmually ‘searching for-greater and greater generali-

orggn.mﬂons * " zations and to be-making continual refinements. tg”existing generaliza-

tions, and these are-based on. current data ﬂd theories and are always

._9 . .! ‘ .
- Ot Sdenﬂﬂc I sub; 2? o change; (2) conceptual organizations provide a foundation for ... 1

" the anding of how certain facts are relaied; and (3) conceptual
_J KﬂOWlGng /'OWUOHS provide -edu for the future because’ they offer a, -
./ perspective by means of whach f;ure dtscoﬁerles may be. correlated and '

understood l’ .«

‘-0.'

SN K _- —_— >
s A, Most events in natur; occur ina gredtctable way, understandable
PR _in ‘erms of ‘& cause-and-effect relauonsth, ‘naturel” laws are. . .
/z’mruers’al and demorstrable throughout tzme and space. ©

This llrst conceprual orgamzatxon of knowledge or generalxzauon, is
an overall-summation of the other 12 g\:neraluauons described in this
r appendxx The others are extensions or elaborations of the .above state- .
" ment.: The main'ideas contained if) this first concept may be restated mn’
R greater deta:l in the’ form of the followmg four points: L
b 4
1 Events in ngure are the result of‘multtple cause-and-effect relauon -
ships. The laws and theories of nature—as they apply to motion, -
energy, change, conservation, and. atomic: structu.re—are sxmpllfy-
.ing generalizations in which a cause and an effect.art related. These -
laws and theorigs are based on .experxence and’ venfxed either by
-expenment ‘or’ by coqtrolleel and objective observations. ¢’
2. knowledge of cause and effect makes poss:ble .the predidtion of ;
P events. Knowledge concerning the motibn of the earth and moo
. allows ‘one to predict the sunrise -andlsumset and the time an
* magnitude of the tides. Knowledge about chemical bonding allows
_one to predict the amount of heat that will be liberated wl‘len an acid
2is added-to an alkali. THe validity of a prediction based upon cause-
St o r&-effe& relatxonshxps‘xs determmed. by the reproglucxbxhty of .
e o - experrmental resul’ts

. -~

i -
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- 3. Cause-and e[fect relauonsh:ps ‘are umversally apphcable A ma]or
goal of the sctenust is to discover universal lawmture as well as
_ordered patterns of diversity that-have causal 1o‘nship§,.; e

14 Predlcuons based. on cause-and-effect- relatxonsths ‘may also be
‘made if ‘the events are, random. Some ‘events in_nature, however.

. occur in such random fashion that redictions concemmg indi-

- vidual ‘events can be made only with. gr\eat uncertamty ‘One can
p{edxct many OCCUrLences wuha high degree of certainty by apply-
'Ing statistical . techniques in the study of such raiidom events. For
example ‘one can predict the fraction of atoms that will dxsmtegrate
_in a'given mass of radioactive atoms in‘a given period of time, but
one cannot predxct when a smgle atom wx}l dxslmegrage. e

s
B. Frames oj reference for sz..e, posmon. time,_ and motzor in space
_are relatzve, not_ absolute ‘ i .

&

This’ concepmal orgamzauon of .know]edge or generalization, d&ls L

" with the measujable attributes of ob]ects and events. It can be developed

.from the folloying two points of view.

and dimensions of ob]ects are. measured‘to determine.
itudes, bu:\such measuremems are never absolutely pre-
. cise. WitH iricseasing Rtctracy of instruments and techniques, mea-
suremen come closer to; but can never reach, absolute valugs. The .
) posmon of an ob]ect is determined by measuring its distance and-
" directipn from other objects or from fixéd basepoints. Events in time. .
- are &Sured by “means ‘of clocks,; marking ‘off intervals from a”-
reference point in time. The motion of an ob]ea ‘can be- char-' ~
_ .acterized in terms of its chapges in posxuon wuh reference to'time.
" . and basepoint. The most - dif fcult quantitative: concepts are those
lhal are well. beyond the level f iatellectual comprehensxon the °
numbers of atoms and ‘stars or atomic and cosmic dimensions. . -
9. These measurements seem rigid and constant—a kilogram is a unit
. of mass, valuable because of its constant dependability regardless af
is position in the universe. But it is'also'used'as a standard unit of ’
weight at the earth’s surface where its particular value depends on ..
'the earth’s, gravxtauonal field. When the kilogram is transferred to
‘an envxronmem away from: the eatth’s surface, however, this stan-

dard unit’ of weight loses ns arthbound- value N

Y
[l

- C Matter xs composed of partzcles that are in constant motz.on,. "

.

o
.

leferent kmds .of. matter can be classxfied in accordance with their. '

.particulate natures and in accordarice” with' the energetlc movements of .
“the pamcles within them. The model in. which matter is comesod of -
moving particles has been used to expldin flany patu;ai phenomena,
such as the solid; liquid, and gaseous stalés of matter, i

According to the model, for ‘example; water is m,a’de up oi man.y
moving molecules. In'the solid state the’moleculés-are less free'to move
abouit.- When energy in the form of heat is apphed':to these molecules, they *

.vibrate energeucally If enough heat energy is apphed the subsdnce wﬂl
.change from the solid into a lxqmd, then to ‘a. gas.,

-

Molecules, in turn, are made .up gf smaller units called atoms. At -
are SO{nenmes called “basxc building blocks of matter” because u y

“ - -

e . -
. i
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determine the properties of the basic el*ments. But atoms,” téo, are - '
composed of smaller, subatomic particles such as electrons, protons, and

neutrons. Further study has led to the discovery of many more subatomic o,

particles. Their relatignships are as yet only poorly understcod. Our

present ideas about the nature of matter probably will change as new

expenmems lead 10 new Lnowledge. _ -

- .

D. Energy exists in a var:ety of convertible forms.

Errergy and its- converslon is a common strand.that runs threugh all the
sciences, from phy51cs to biology and {rom geology to cosmology. The
. rise of people from being their own:Beasts of burden to the development
of modern technology has_mcﬁased in direct proportion to their ability -~ -~
.to find and convert energy teodig$lace muscle power. One measure of a
nation’s progress and materiaPwell: being might be the average amount
of energy consumed per citizen p4y-year. However, this particular Kind of
_progress cannot "be extended indefinitely. It ;ymay lead to intolerable
pollution of the biosphere. In addition, the increasing demand for greater
‘amounts of energy threatens-the very existence of people through .cata- -
strophic warfare. . . <
‘The principle of energy conversion underlies almost every major .
scientific discipline. The physicist sees a swinging pendulum as an

example of the transformation of energy from potential energy to kinetic L

energy and vice versa. The chemist observes that energy is transferre?ﬁ - o st

between molecules when' they collide. The biologist understands’that all ‘ : R ,
* changes in living organisms, from simple cells to human beings, involve R L

a flow of energy to and from the environment.

E. Matter and energy are mamfestatzons of a single enz}y, their sum
in a closed system is constant. : .

?’

In most observations taken at the beginning and at the end of natural
phenomena, the amounts of matter and energy appear to remain con-
stant. However, investigations of certain subatomic and cosrmc ‘phenom-
ena show that the relationship between reatter and energy - is best ex-
pressed by Einstein's- famous equauon E = mc2 Two important char-
acteristics of this relationship are: (1j the amount-of energy (E) appearmg
or disappearing xs\proporuonal to the amount of matter (m) that;is
destroyed or created; and (2) the proportionality constant {c?) i1s a large
nuamber (the square of the speed of light). Thus, a small amount of mass
» is equivalent to a huge amount of energy.

Throughout the universe matter constantly is bemg Lransformed into
energv, and matter simultaneously is being created from energy. A
currently popular belief is that the two processes are in balance; but
scientists have not determined if such a state of equilibrium actually has
been attained. To date] however, all evidence tends to confirm the
conclusion that the sum of matter and energy in the universe remams
constant.

- - .

F. Scientists usé Classifica_tz'on‘;ys'tems to bring order and unity to
' ap;barently dissimilar and diverse natural phenomena. P

Through observation and analy51s, scientists search among distin-
guishing characteristics or propernes of natural phenomena for gen-

.
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erahzauons that might serve as unifying themes upon whlch classifica-
tion systems or taxonomies could be developed. The taxonomy of plant
and animal kingdoms, the periodic table of elements, and the electro-
magnetic spectrum are examples of classification .systems based upon
underlying principles or' unifying themes. .. _
In any classification system devised to bring order to our conceptsﬁ)f';""'
the universe, there must be an awareness that the classnfu;auon is, aftep: iz
all, made by human beings for human bemgs The human intellect ks *
superlmposed upon nature a system in’order to better understand the "
universe, It'is not surpnfmg, therefore, that certain objects do mot fit into .
the classification system. Human beuﬁgs are, in a very real sense, limited -

-— -imrtheir undcrstandnngof rratural phrnomena by their/mental processes

.and patterns. They are also limited, in part at least by the modes by
‘which they acquire knowledge.

. K

E-1. Matter is -organized into units which Yan be classified into
organz..atzonal levels. _ -

“

Structure m[hm the natural order is observed in. ClaSSlflca[lonb from .
« the smallest subatomic particles to the_matter within. huge galacuc
masses. Basic units of matter, small or large, are found in every organiza-
tional level in theiphysical and blologlcal structures of the natural order.
Scientists-attempt to bring order to the world they 1mesugate by group-
ing and classvamg matter in accordance with its properues Ad[hough the
basic unit selected varies with the particular field of inquiry, a trend
‘toward mterrelauon:.hxps among the natural scnences 1s becommg evi-

dent.

“ ) .

F-2. Structure and Junction -are often znterdependent. Lo

On every organizational level of matter, scientists have used [he inter-
dependence of function and structure as a useful tool. In most cases, if the
. funetion of a unit of matter can be observed, the scientist can make, -
informed_guesses as to its structure. Sometimes, hojvever, cause-and-effect
relationships can be misinterpreted.’ For examp]e Lamarck was wrong
when hé predicted that chidnged functions or envxronmems could giye
rise to changed hereditary structural adaptations. <7 _
Experimental research indicates that structures evolve in such a way -
that some orgdnisms are more likely to survive their environment than :
others. Studigé also show that changed environments favor the persxstence
and spread df certain spoptaneous hereditary changes. Wher organisms -
evolve parts that do not function successfully within their ermronmem
* they do not survive for long. / Lo

G. szzng organzsms have unzversal propertzes vLLe )
¢ ~

.Living organisms have umversal properties, including derivation of
energy from outside sources and reproduction. Evelutionary studies
indicate that these organisms are naturally selected from ghegq\on to
generation, producing descendants with different chara;;te - and
producing vanablluy among populations ef living species.” process
has been going on so long that it has produced all the groups and kinds of
plants and animals now living as welt as others that have become extinct. ;f
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lemg organisms are highly organized systems, of matter and. -energy, -

"- and any introduction to-'biology should. inckude -a definition of life. S ..
Perhaps this is'best done by.listing some of life's properties. Living ' A N :
orgamsms derive energy from outside sources, prx‘manlv the sun, and use B S Co

it for their own purposes. Green plams use the. energy io form chemical
compounds that .undergo metabolic reactions that enable the plants to*
grow, respire, and reproduce. Other organisms, such as animals, consume . _ o
plants or animals as sources of chemical energy., . ) -
The most characterxsuc property of life is reproduction.. This central R _ oo
_ function of organisms is carried out by meansof information that is stored [ ) ! B .
. in molecules pf deoxvrlbonuclerc acid (PNA) with the exception of some R t .
viruses that use ribonucleic acid (RNAJ for this purpose. o .
In addition to reproduction, another characteristic of life is change i in & ‘ ’ R
., its genetic material with- passage of time. This process., termed ev olution; o
takes place through«changcs in DNA.-Changes in DNA molecules are .
produced by mutation, which includes replacement of some DNA bases o .
by others, and recombinatiori in wh1ch.§egmems of DNA are added to or
subtracted from genes. Duplicatipn of genes sometimes also occtifs. Most - -
mutatfons are harmful and do not pers?st they are eliminated by natural
selection, _
*  Beneficial mutations occasronally take place and are responsrble for the
-appearance of new characteristics. A third class is “neutral” or “near-
“neutral”’ mutations. Some of these mutations are adopted dUrmg evolu-
tion. “Fhe progress of evolution can be measured by comparing DNA
" moleculés pf closely related species and measuring the percentage dif-
v [erences in the sequences of their components (bases). The differences are
}-' royghly corrélated with the passage of time as measured by the fossil,
-record.-On an average, about one or two DNA bases in each billion are
+ changed each year in each species. This process also can.be measured in
proteins ‘because the sequences of amino acids in protein molecules are
controlled by base sequences in DNA. through the genetic code.. This
indicares that all lrvmg organisms. on earth have a common ancestor’
from which they ha\e, dlverged by evolution during about three billion
+ years. Throughout lhrs 1mm/ense time. the DNA molecules have main-
" ‘rained a continuous existence that has never been interrupted. It DNA
were £1o) d1sappear. all life on earth uou}d become extinct. \

)
13

H Lm,ts of m(ztter zntemd ‘ o
N e properties and behavior of ev ery unit of matter in the universe 3re
f dep?ndem upon its mteracuom with other units of matter. The study of
* fhtetactions consmutes a 1arge part of scientific investigation, and such
studres have led to the formulation of a number of closely related ideas. >

. The bases of ‘all interactions are electromagnetzc, grauztattonal
s'\ . ahd nuclear forces whose fields ettend beyond the wvicinity of |
" their origins.

Certain forces arre present in every interaction. The three basrc forces—

» electromagnetic, grantauonal and nuclear—have the rather’ amazing
-property -of acting at a distance; that is, they permit interactions to.take ;
place without any direct contact between the units of intefacting matter. ST T e
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’ Most everyday_interactions do not seem to, result from" action-at-a-

: distance forces because they require at least a surface contact betweermr -

T ] o oobjects. ‘A closer look at such interactions on a microscopic level, how-

o ’ - + “ever, leads to quite a different conclusion. All-contact intgractions are

: believed..to result from the electromagnetic forces that bind electrons to
nuclei to form atoms, and atoms to. atoms 16 form molecules. What

» " appears to bé a direct contact between the surfaces..of two interacting
objects actually is only 4 relatively close proximity between molecules,
calling into play the attractive and repulsive actions of charged particles.

H-2. Interdependence and intefactjon with the. environment are uni--."
versal relationships. o -

Interaction and interdependence are found in the smallest subatomic
particles and in the most gigantic astronomical bodies. Nothing in the
universe exists in isolation. Every object that éxists is either dependent
upon an interacting event for its origin or is.in the process of change due.
to interactions. The componeiits of a living cell, for example, are inte-: -
grated by interactions, and these interactions-lead to new properties that”
are not apparent in the isolated components. Thecell as a whole interacts PIes

 with its environment by exchanging matter and .energy across the cell:
.surface. . . . S TR
4At’ag_t‘1e-higher organizational lévels of organism, population, com-
" - munity, and eCosystem; the components within any given unit interact
with each other, and the unit as a whole exchanges matter and energy . - -
with its environment. More than ever before in history the effects of
human activity on the ecosystems must be assessed: Much of the quality
. of human life certainly depends on the maintenance of:the quality of
other life forms. o o -
Many interdependent events that occur in the natural ofder are cyclicin
«character. A pattern of sequential events gives rise to a repetitive chain of
events in which one link of the chain is dependent upon its preceding
, link. The food and water cycles are examples of dependent cyclic inter-
. ’ actions. ’ : . : .
. v ’ A foqd/ chairr links together the members of an ecosystem. Green plants
oo L ' . begin. the chain (phytoplankton in the marine ecosystem). The green
‘ ; plams manufacture food by using:light energy from the sun and water,
o " . : carbon dioxide, and nutrients from the soil. A first-order consumer (e.g., a
. deer or cow) comes along and eats the plant. A second-order consumer-
o : '(e.g., a cougar or human) eats the first-order consumer. We even can have
. ‘ ’ a transfer of food and energy from the producer to a higher-order
. ‘ ~ consumer. The decomposition of living things also provides food for the
, ' plants. . o ' ' :
g ' : " Another order of interactions is that of évolutienary events, which
- ) - _° produce predictable changes in certain kinds of objects over long periods
of time. One theory claims.that atons, interacting.with one another and
- evolving over eans of time, gave rise to the present assemblage of various
kinds of elements. Another evolutionary thesis describes the progress of .
‘ T : stars all the way from young gaseous.nebulae to pulsating dying stars.
TR Still another interacting series of events has produced the evolution, of
’ - - . _rocks from igneous to sedimentary and metamorphic-type materials.
' ~Interactions between organisms and their environments produce changes
in both. Changes in the environment are readily demonstrable on a short-
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term basis; i.e., over the period of recorded history (circa 5,000 years).
These changes have been, inferred from geologic evidence over a greatly
extended period of time (bxlhons of years), although the further back we

g0, the'less certain we can be. During the past century and a half, the
earth’s crust and the fossils preserved in it have been studied intensively
"by scientists. .

From fossil evidence it can be inferred"that orgamsms populating the
earth have not always been structurally the same and that anatomical
changes have taken.place through time. The process of change through
time is termed evolution. In modern biglogy, the Darwinian theory of

. evolution is the.unifying theme. that prov?des-a genetic basis for the =~

biological development of complex forms of Tlfe 1n the past and present
and the changes noted through time. L .

The concepts that are the basi¢ foundation for the theory of evolution
are that (1) inheritable variations exist among members of a‘T:fopu'ianon
of like organisms; and (2) differential successful, .Jreproduction (1.e., sur-

vival) is.occasioned by the composite-of environmental {actors impinging

upon the populatiop generation after generation. Darwinian evolution is
used to explain the ma'm similarities and differences that exist between
“diverse kinds of organisms. It also-provides a structural framework tpon
which many seemingly unrelated obscnduons can be brought into more
meaningful relationships.
Scientists also have developed, from experiments and observations,
hypotheses concerning the development of life from the nonliving matter

of the prebiological eurth. This research and its hypotheses usually are

referred to as "chemical cvolution.” . Philosophic and religious consid-
erations pertaining to the origin, meaning, and value of life are not
within the realm of science because they cannot be analvzed or measured
bv present methods of science: N

H-3. Inte'ractzon and réorganz':ation of units of matter always are asso-
ciated with changes in energy.

>

The relationship among all ‘things and their environments can be
" compared to a spider’s web consisting of many interwoven threads that

form a comphcated pattern. An interplay of matter and energy holds the .

“web'" together; however, the total process has an orderly pattern.

Iteractions of matter-and energy are consistent and describable in
terms of natural laws, The following two ideas are concerned wuh the
energy chdnges th.u accompany changes in the orgamzatxon or state of
matter: :

1. In a'clqse'd system (af} approximate example of which is'a sealed,
light light -vacuum-jacketed laboratory flask), when units of
matter interact, the system tends toward a condition of Cqulllb-
rium in which free energy, or the ability to do net work, is at
a minimum. A closed system is also one that tends toward a
state-of maximum disorder or randomness (also known as a state
of manmum entropy). .

2. 'In an open’ system units of matter may interact in such a way

as to mamlam a steady state or condition of homeostasxs

“e do not know, of course, whether the universe is an open or closed
.system. Living systems, on the other hand, are obviously open ones—
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Allhough no single defmmon of scxence would be acceptable .

everyone, in a.general sense the term science embraces much of our
objective efforts 10 understand nature. Applied science (technology) uses
this knowledge to make the world a better place in. which to live. Thus,
science includes the ideas and concepts which scientists have-created in
ordet to understand nature as well as the intellectual skills and particular
modes of lhmkmg uséd to develop thi$ understanding.

- . Goals . Coet T !

-

The goals of the scignce program are as follows
1.To de\elop those values, aspirations; and attitudes which Underlie

the personal involvement of the individual wuh the environment

A3

and society = - - <
2. To develop and apply rauonal thmkmg processes

"~ 8. To develop fundamental skills in mampulgung materials and"

equipment; in* carmg for and handling lwiflg things; and in
gathering, organizing, and communicating scxenuf' ic information

4. To develop knowledge of processes/facls concepts, generahza-
tions,and um£ymg pm)cxples—theproducts of scxence—that assist
in interpreting ‘the natural envifonment . .

~ .

Inrerrelatedn&ss of. the Saencs ¥

Allhough science hias been orgamzed into such dlscxplmes as astronomy,
biology, chemistry, geology, and phzsxcs. the science pragram should
emphasue the essential commonatity of the scientific emerpnse in pre-
senting a unifying picture.of nature. TS this end, orgamzauon along
with a problem-solving or skills-developing approach is preferred over
a sequence of dlstmuous topics along disciplinary ‘lines:

Interrelauonshlps &:tween Saence and Other Subjects

Science has not developed in 1solapon nor does it exist in isolation
from other activities. For proper perspective science must be presented in

the context of human endeavors. The interfaces between science and:

\mal};emaucs firie arts, social sciefice, language arts; health, and so forth,
exist and’ fnust be recogmzed if reahsuc scxenuflc lueracy iIs_to be
achieved. _ . N ‘_ - e
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Responsiveness to Human Needs )

Science materials must reflect a philosophy which is consistent with
tHat expressed in the current Science Framewotk for California Public
Schools as adopted by the State Board ofEducation. .

Material in a language other than English and parallel 1o English
currjcular matérial shall be included when available.and when in con- - -
formance with these criteria. Because these criteria arg meant 1o be used
with a complete science program, some edacational materials may mget
only selected ;parts of the criteria.

2.

4.

5.

Science ' instruction must meet the different needs and interests of
individual students and use appropriate teaching-learning styles, strategies,

*

and materials.’ . .

General C'l.'it'egia:- The Instructional Program at All Levels

(S

. .
° .

+ Attitudes and Values - : ' .
Print and nonprint educational materials will be used by the teaching
staff o . N _ .
1.

Help learners develop and extend “their personal interests and . _
experiences through science. X ‘ .
Develop an understanding that major forces'in society .affect the
learner, the schools, and science; and that advances'in science -
technology in turn affect society, the learner, and the schools.
Develop those positive values, aspirations, and aujt’udes whichk’
underlie the personal involvement of the individual with the
environment. ) : : rd .o
Help learners promote critical questioning of unsupported inferénces,’
.hypotheses, and theories. ) ) -

Promgqte ‘an awareness of energy/ecological relationships in the .
environment and of their social.fand economic implications.”

'

- -
- ¥

Process and Content : -

~ . . ’Both print and nonprint educational materials will be ‘used by the

\

. teaching staff to: ]

L.

2.

Give learners the opportupity to engage in the major activities
that are émployed in scientific inquiry: observing, experimenting,
verifying, predicting, organizing, inferring, analyzing, synthesiz-
ing, and generalizing. ' . L
Help learners develop fundamiéintal skills in manipulating mate-

- wrials and equipment; in caring for and handling living things; ~

and in gathering, organizing, and communicating scientific infor-
.mauon. ' = . : '

. 3. Provide cOncepts and ideas that are appropriate to the students’

'/- .

4.

-

levels of development, their reading abilities, and their varying
nteds. - o - T _

Provide opportunities to integrate the knowledge and skills learned in
other disciplines (e.g., mathematics, language arts, health, and
social sciences) with those abilities that lead to the achievement-
of scientific goals., * - M '
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5. Provide students with a science program that will dévelop a
% knowledge of specifics: facts. conventions. sequences. an classifica-

-tions.
6. Provide learners with an opportunitylp develop a knowledge of
: concepts, generalizations, and unifying principles.
. 7. Demonstrate the interrelatedness of scientific information and
. the processes by which that information is obtained.

8. Provide a variety of experiences in the bi&logisal, physical, earth, -

and space sciences. e .
9. Show the relationship between people.and their environment, and
. promote awareness of and responsibility'toward that environment’
10. Develop an awareness of dimini}hing natural resources, and empha-
size the need for wiser management. . :
'11.”Identify science-related careers;and stress the importance of science
skills in careers. - . . o
12. Make consistent use of the SI metric system. and convey to the
. learners the important contributions they can make in explaining
____1he-system (o persons who are not familiar with these<qmits.
I3. Emphasize standard health and safety: practices.

' 14. Describe contributions to science and technology made by women

and men of various races, ages. and nationalities.

* Instructional Strategies _ :
Both print and nonprint educational materials will meet the following
criteria: . : . .
1. Be. 4daptable to a variety of teaching-learning strategies that treat

all learners with respect, recognizing individual differences by

adapfing instruction to individual interests, needs, and learning
styles. ) . .

Provide a structure for organizing and sequencing learning exper-

- iences with illustrative instructional models. Include group instruc-"
tion planning and assessment, diagnoslic/prescri*ptif teaching,

and concept and process development. ) L) .

3. Provide the learner with opportunities to select from a variety o
activities that contribute to the attainment of an Gbjective. -

4. Include guidance for extepding student experiences by introducing

1o

new topics and alternative paths of study. developing.appropriate ~ "

media. and the like. ..

-

Organization . .

’ . . ) )
* The print' and nonprint educational materials will meet the following,

+ criteria: . . _
1. Provide an organizational perspective (print;, table -of copftents, .
“index, and so forth: nonprint: scope and sequence chart and so
forth). _— ¥ o o 3
2 Provide for an organized sequence of developrment that is readily
. »° apparent to both learner and teacher. . oo

_ 3. Be so arranged that ideas and skills reappear in’varying contexts ,

-

v and at increasing levels of sophistication.

4. Provide questions that.elicit a variety of learner responses, such as-
discussion .and investigation. At the appropriate level material

! ‘ C s ¢ N~
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should encourage higher-order questions or knowledge, compre-
hension, applicatjon, analysis, synthesis, and evaluation. .

Assessment and Evaluation
Both print and nonprint materials will ‘meet the following criteria:

1. Provide. for a variety of evaluative téchniques; “teacher-student
evaluation, and student self-evaluatian. ‘

2. Include. prov:slons for frequent interim and end- “of-program assess-

) ment of student progress. Some focuses for evaluation are (1)

rational lhlnklng, (2) interpretation of nature; (3) understandlng of

-the nature- of-science:-(4)- development.of ‘appropriate attitudes to-

ward science and nature; and (5). manlpulauve and communlcauve

skills. .
3. Be consistent with the stated goals and Ob_]eClLVCS of the mazterials.

, Teacheg Materials - -
used by the teacher will me¢t the following criteria:

b. Techniques
c.- Recipes for solutions
d. Sources of materials
.% e. Care and maintenance 6f equipment and living things
f. Primary references and additional sourcebooks .
g! Suggested storage, space requirements, and ordering procedures
« ’ h. Hints on how to avoid commonly encountered difficulties

4. Provide a related reference list and suggestions for extended and
. in-depth supplemental activities for learner and teacher.
5. Include an overview and’/or surmmary of each unit with g

“ b

. AL objectives.
" - 6. - Provide .background 1nformauon, including relevant quesuons
-, . =discussion and readlng, expected responses, and historical infor-
- X‘.‘ mation. - :
7. Indicate the readabﬂxty level of leafner materials. . -
A 8. Identify common goals with other subject areas.

9..Indicate standard health and safety practices.

10. Show applications to othegr subject areas of attitudes, rational-

thinking processes skills, and knOwledge developed in scu:nce._
11. Provide suggesuons for using comrnunxty Tesources.

Instrucuonal Medla Standards -
Printed materials such as books and laboratory manuals-will meet the -

- ~

the following criteria: _ ) . _
1. Use paper and blnding of a qualitwy appropriate for the intended
‘ .- usage. -

2. Be printed in ype l'.hat 1s clear, readable and appropriate to the
content and maturity level of the learner. -

. . 3 N

5 .
e .
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&l. Be ly distinguishable from student materials and .convenient -
" for use; [or example, annotated student materials may be used as
the teacher’s edition. . roo
. 2. Show a con51slent correlation with student materlals- S
- 3. Contaln practical hints and advice, such™ as the follo}ving: :
. a. Itemized lists of materials and equlplnent _ .

"—'-
Pt



3. Provide aesthetic visual arrangements using color, illustration,
and photographs where appropriate. ‘
Visual nonprint presentations (films, filmstrips, charts, and so forth)

will _meet the foillowing criteria: .
1. Be characterized by aesthetic appeal that contnbutes o the stu-

dent’s learning-gxperiences. J
2. Fulfill the function suuable to the medlum )

, 3. Be current. s 7 S
.  Materials designed for audnor} prescnmuon (records, tapes, and the
like) will meet thc followtng cruer:a. T .

1. Present voices tbax are clear and well modulatéd or appropnate
to the role por - ) -
2." Have technical qu 1y sufficient 10 reproduce the sound frequencies

that are necessary.
3. Be appropriate in content and Ienqth for the intended audience.,
4. Use standard English. (When a language other than English
is ‘presented, authentic nativé or near-native speakers should be
provided. Thev <hould represent the voices of male and female
adulis and ¢ ... - speaking at an appropriate rate and with

accurate intc- . - . ..
. - &

Maierialsgesigned for manipulative use (e.g., laboratory equipment or
games) will meet the following criteria:

-

1. Conform to current safety standards.
. 2. Be ctearly identified and durable. .
3. Be. convenient to handle, use, and store.
4. Be replaceable and easily available from the supplier when needed;
for example q},\consumable malenals and components of kits, systems®

. laboratoriés, games. and so forth. s
5. Lead to achievement of instructional goals and objectives.
T ~ -
by
~
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- Appendix -

‘A Design for Decision Making
* in the Educational Program -

w

.

POLICY

LEVEL

CURRICULUM

LEVEL

INSTRUCTIONAL
LEVEL

Develop science. bhilos-

lacs R R
. Develop district science

ophy and goals that are
consistent with the Science .
‘Framework.

curriculum guide-that is
consistent with stated goals.

Determine desired learner
olutcomes in science.
\

Clearly define school level

Assess teacher and learner

alaili(ies and needs in scence.

-

¢

curriculum objectives.

Identify behavioral objec-.
tives for learners and
teachers.

7

i

=

Establish priorities, rele-

vant 1o abilities and needs

of learners, teachers, and
* the community.

Develop “standards of. per-
formance for learners and
teachers and criteria for  |—
determining program ’
effecuveness.

-

)

- o

Determine resources and
priorities for district
science curriculum. -

©

Determine staff responsi-
bilities for science pro-
gram developmerit.

Establish district comnmit—;
ment to science inservice

Write district-approved
sdence curricula to include:

® Appropriate content

® Scope and sequence.

® Acceptable methods and
strategies . |

.e Materials and facilities

e Media and other resources,

® Inservice training .

e Evaluation (both forma-
tive and summative)

|

staff development. ~
LY

Select appropriat€ instrucs
. . . .
tional experiences In
science for the leatner.

Conduct appropriate staff
development activities.

] -

. Continually evaluate pro-
‘gram and learner progress;

teachers and 1earners con-
duct self-evaluation.

s

Prepare summative dis-
trict evaluation.

T
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© . selt-Assessment Checklist - .

-

-
. ~for Teachers of SCIOHCG B
- " ., e . : . v °‘ ‘.‘
: Lo, S ‘ . Sc:en-uflc Amtud@s Thmkmg ) \ o N
- - " Processes, Skills, Know_vled'ge, and leeral Arts . . 3 é"
. 2, S . 4 - = .

. L My s[ﬁdents'écé in me an amtude of@w-man‘ﬁms; gnd suspended- Judgmen'l.r, . e
— % R e 12345
) . Tenjoy desxgmng and conductmg expenmemal \udles to test hypotheses or account .

'\ for dlscrepant events. . R 3 4 5
: : 3.1 w1llmglv subject personall} acquxred data’ and ldeas 10 peer crmmsm L~ :
ST ‘ o e e ' ., 12845
*4 1 am .proﬁéiept in manipulating and uyilizing the tools ar}d' equipmenf of science.
) - L . 12345
5. I am able 16 apply mathematics to gathermg. processmg and commumcaung daLa
» nmy teachlr}g measuremem m metric umts) ' . : ‘ ' 19345
6. 1 can use oral and written commumcaupn skills 'e_ffegiively. -1
J : & N v 12345
- 7. 1 am familiar with the[bag.c.qecogmuon and recall content of my field and/or .
leng of science. . . 5 * \,& ‘“.:.‘«3. . 12345
8. I understand the factors affecting thé “physical, emouonal and mtellectual growth
_and dexelopmem of my studems. . . ‘ 12345
9 I can 1denuf\ and construct condmons that motivate inquiry in the learner. ' -
- S - , : 12345
10. I use effective -methods “and mategials’ to guxde studems in their consideration of
science-related careers. , 19345°
* 11 I seek to know, understand and support the needs aspirations, and positive attitudes
of the community toward education. o
o 12345
12. 1 interact and cooperate v Bther teach_crs 'iniproviding a healthy, balariced total . .
) .school atmosphere. e | . : 193 45"
, '13. I am-aware of community resources that will enhance my science instructional
| . program. | - - 12345
14. I an descnbe the mterrelanonshlps among various flelds of sc1enuf1c efk’iea»or ’
= ’ 12345

&

-

S ~¥The sulumms in the (huklm are dur.uunsm O
science. These statements have been ()rganmd mto a ¢
_ thermselves with these attributes. This material wis adapted from evaluation

Association.

' - .
. RN

f those made by teachers who provide quality prograins of instruction in
hecklist to help teachers detenmine the degree to which they can compare
LHIU’IJ duclup(d by the National butyu Teachers

LIEEN
‘ .

l
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° - K} B - e
15. 1 know of scientists in iy commumty and can relate them to my instructional
e . program.. ' o 1234
16. I work with other teachers to interrelate the teachmg of science with that of other .
subjects. - " : 12345
17 I can mterpret Lhe relauonshrps between‘ science and other aspects oi human endeavor
L " - R 123845
. 18. T have veloped and follow a philosophy of educanon which deals wnh Lhe place
~of scrence teaching in the school’s toral “education effort. . . 19345
- 19. I am aware of energy/ecological relatronshrps in the environment.and of their :
: social and economrc implications. . . 19845
.20, 1 have studied the socral/economrc/envrronmemal impacts of scrence and the soc1a1 ) '
. and moral résponstbilities of scientists. . 12345
* o« ) N . ; » .
' . . . Vo- ™
. . . -\ . - c o ¢
Instructignal Methods and Techniques . :

- 1. I use specific course and curriculum developmem teclrnrques (consk‘ktion of lesson . ;
plans, development of minicourses, mogules*of learmng activity packages, writing .
performance objectives, and ¢he like). 12345

c. . - ) J
- e ,2 I khow where to obtain and how to ‘use data (about ‘each learner’s conceptual J
, * level, cognitive style, interests, and abilities).to provide uniqueindividual expenences ' 193 4’5
3. I can ‘effectively utilize current technologrcal devices and materrals in my, teachmg
. (e.g., motion pictures, overhead projectors, -audio- and videotape recorders and
- computer time-share). ” . 5 193 -4 3
. . 5
4 I'cdn select construct, use, and interpret various kinds of evaluation instruments ' :
£ . for determining student progress. - , 19345
5.1 use a variety of teaching styles (i.e., student inquiry, lecture, demonstration
individudl project work, convergent and divergent questioning, semmars, and
srmulauons) .
L] = o : 1 2 3 4 5
6. 1 make provrsrons for the safety of students while they are parucxpaung in classroom/ ’;:- _
. laboratory activities and can handle emergencies-that arise. S #12345
7. ILimplement a variety of forms of classroom organization: 1nd1v1dua1 ‘smaltandlarge
group, open classroom, laboratory, and team ‘teaching. {92345
- - . 8 F can provide a rich envitonment (of data sources, materials for. experimentation, . 3
phenomena to observe, and ideas) for use bv my students in achieving class objectives. 19345
9. I am familiar with the legal requirements relative lo the care and use of ammals a o
- in the classroom in my instructional program.-- 19845
. 7 “ -



- ' Professxonal Educauon a‘nd Development

‘ . i v ? *\k
1\ S ‘

1. My ba’ckground equipped me mth the understandxng of. the life, physxcal and earth-
space sciences needed for teachmg m .my curreqt assxgnment

Y

P

2. I have a working knowledge of recent national ,cumcululn' pro;ects..e g., Science
Curriculum Improvement -Study (elementary) or Blo}og;ml Sciences Curriculum
Study, Chemical Educauon Matenal Study, and Intemfedxate Saence Cumculum «

-+ ’Study (secondary). ‘ &* AN '

y . R

'» ~

" v

3. I participate in the activities “of at least one (nanonai state, “or ‘local) orgamzatxon
primarily related to science teaching; e.g., the Nauopal Scrence Teachers AssOmauon
and the California Science Teachers Assocxau‘on o e

\ . A \' R ..

R
P - '

! ra

‘. a. .

4. 1 auend the conferences and conventions held by nanonal state or local organiza-
tions retated to my field of science interest.(American Assoaauon of Physics Teachers, -
American Chemical Society, National Assocxatlon of ‘onlogy Teachers’*and National

. S .

Science Teachers Association): -~ o 5% - .+ 7 R -

i R

»

. - - b
Ly s 27

5..1 have attended one or more specxal inservice programs for 5qer)ce teachmg {e.g.,
summer institute, inservice institute, or mservxce course) in ‘the*mpast two years. .
.‘

\.

S

B parumpate in ‘the Iscience teacher preparauon programs o!’ ﬁearby colleges and
‘" universities by workig with st‘udent teachers and/or teacking extensxon courses

-

\l

o]

. I use. professlonal days or released/nme to visit other schools and obserye 1nnovauve

o science programs and/or outstanding teachers in action. | ~ L i

P

-

a

. I use my training and experience to xdenufy students with specx:ll needs or prob.lems
and réfer them to persons or agencies qualified to provxde‘help S LT

”,

10. T am familiar with the special science-related opportunities (clubs, compenuons, e
fairs, svmpOsxa or congresses) avaxlable to my studems and encourage and adv1se

them in thelr pa;ucxpauon. , . - _

i ¥4

" e

"ERIC )

- . 1
- “)3

. \\



{ o

~

I'4

oy

-
.

- - L i (ayqeaydde
. - . . s . °
) . » _aLaym) spunj
) - Coopawoyy
v m . *s1afoid
. . kS [rxds 10),
¢ .- R ¥ wawdinba
. : = NG
. o 5] :
e .4 -
. . .8 ’
. E ™ \
- ) e m mf © 121U90
i h o & , omosay
o [ = LT .
. ' 2 : .
. L] o ] m .».::.._,:
. ) c ' s < _cﬂ_o_mm&c,_._
a c z SUOISEA
! e § = T
v 3 o~ N
e A n 2 9 N sassep)
V.A - . S g Lusan
= O.m s [ 8 fb—o—"
. (= ) '
d . = o m - ESITRIBITNLA)
' (- a 2 e 5 U,
3 I a® |3 .
2
ot S -
y DI . - , w .ho...s : 2IUINIS
.m. a a R 3 UL saAIe
| © ° Nt
. - = Anumuay,
- L4 f n b a. T . .U.
- ' o .
L .-
- o g awn HINSIP
L1} < - * A N
e ! = panoy
\ - - . e
(%) - >
¢ QL 3
i . , - 2aurisysse:
8 2 )
) . m e g, e nguo)
o..w = ‘
. ' a S = sdoysyiom
Q. 2
: x L 8 Ao )
* LA B .m * muang
g 3
: . : o ) = | .
- b * n = an.uc ) .u.:..,{am
A -~ : 2 | -ur wimgoxd
- . - . Py , ‘
. : - ) = BRIRIRN
- .. . . . . L 4
- . . ] LNy
o
£
M m .
‘ . .. T 5 © o Kfdan)-
4 . o, .
LA}
M A
i [y

>

.

Nonschool per-
sonnel (e.g..

]

Mulusubject
“teacher

_Science
specialist
Teacher aides
Other school
personnel (e.g.
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hevelopmg Readmg Skr}ls

J
l
Readlng - -»
- The nature of science and the unique orgamzauon of scxenufrcv mfor~
In SC|ence ‘ mation’ and prodesses-give rise {0 special difficulties in reading, scientific
" ‘materials. One of the primary difficulties is posed by science vocabulary
There are several reasons for this: (1) The vocabulary in science is more

{
a

P

Inslructlon :
*  .exact, specialized; and extensive than in other fields; (2) many commonly
used words cause confusion because they have a drfferem and/or more
exact meaning in scienceé (e.g., mass, force, compound, tell, colony, and
culture, (3) many scientific words are derived from Greek or Latin words'
“that are completely new to students so that- previously learned word
analysis skills are frequently of little or fio help, and students have to
make new appllmuons of the skill§ and formulate new generalrzauons-
and (1) one word is often applxed to a complicated concept or process
(e.g., sterilize, magnetism, photosynthesis, and electrolysis). .
»\llhough basic reading skills apply to all subjects, scientific materials
Tequire emphasxs on special ‘skills that are .fundamental for effective
reaglmg in science. To successfully. complete their a‘sz:enc_e research pro-
_]CC[ students sh0uld learn to do the followrng ‘
. ‘Use the specrflc science vocabulary '
‘7 Change the rate of reading in accordance with thedifficulty level.
3. Draw important generalizations from the" readrng of. scientific

books and articles.
4. Obtain information from’ graphs, charts, rnaps scales, and dia-
£ grams and relaté them with the printed word. ..
3. Use and understand scientific Symbols and formulae. LB
. 6. Read and follow a-sequence of steps in a technical process-and in

performmg investigations.

. Select, locaté. and use ou(srde references and compare information
from various' sources. .

8. Read and-identify the cause-and-aeffect pattern in’ science.

9. Recognize and follou problem-solvmg techniques.
10. Apply the rnformauon in helping to understand everyday problems
The reading level assessment of printed. materials is often conlphcated
) when the printed word is accompanied by iliustration, diagrams, tables,
o and other format variations which are included to aid in comprehension.
Also, the more modifiéd structures a basic sentence has in it, the more
complicated it is. For example, prepositional phrases, dependent clauses,
inverted word order, and excessive subordination require higher reading

A
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skills- The fo[lowingt&cbniqucs are only two of several reading aseess-
ments that.can be used. Others can be selected from a variety of testing -
R procedures\;liswd in the relerences at the end of this appendix. -

- .- o + '~ - Assessing Student Reading Skills .

<o . ) Teachers can develop a “cloze”! reading test to determine which
. v studénts will be able to understand specific printed materials and the *

4 , degree of assistance “that “will be required by others. The procedure

e ; . provides a means for determiriing whether the material is at thejndepen-
e e *dent, instructional, or frustrational level for each student. :

Pl . ’ . -

‘“_ Independent Reading Level

. - The learner is at the independent reading level when he or she1s ableto _
. . g < __" read and understand without help. The faterial should have high
e T T : intgrest value and should cause g difficulty. S _ s

<3 i * - Instructional Reading Level - C . .

. D At the instructional reading level, the individual is able to read and
' understand with some help from the teacher. The material may, be

O challenging but not too. diffiult. S

—
.

S ‘ Frustrational Reading Level .
. - At the frustrational reading level, the individual is unable to read with
' minimum teacher assistance. Comprehension of the material is poor, and
frustration results. - o . o
An informal cloze reading test can be constructed as follows: .

1. Select a representative passage from the printed materials. The
* passagé should include an initial sentence that is kept intact and
foowed by 250 words. - . ‘ ' ' )
Delete every fifth word and .replace it with a blank using the
. underline typewriter_key. All the blanks should be’uniform .in
> length: T R -
- '3 Have students complete each blank as nearly as possible to the
. . word omitted (every fifth 'wofd will be “clozed™ by the student).
s 1. Store the test results by considering only the exact word to deter-
) * mine a direct -match score, or determine an adjusted score by
accepting alternative words.

Interpret the scores as follows:

1o

(&1

65 to flO(i percent—independent reading level
.55 to 64 percent—instructional reading levél
.. 0 to 54 percent—frustrational reading level

Aésessing the Reading Level of. Pririted Materials . : .
A discrepancy often exists between the intended grade level use and the
. reading level of published materials. Teachers should be familiar with

;o - different techniques for détermining thé approximate reading level of

- L. . N ;. - - ; e aye
printed materials. One techniique involves the use of the Fry readability
graph. It has “a- high.correlation with other reading level assessment

B l . “ . i . LI

1A test of reading comprehension that involves having the individual being tested supply

words that have been systematically deleted from a text.

J , .
QO - _ .
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devices; however, all such as essment devxces ‘have bulll in limitations, .~
pamcularlv with science vocgbulary. The graph can be “used only 1o
approxzmate the réading level of m}nenals. (See Figure 1. )
"DIRECT IONS Randoml\ select three 100-word passages from a book or
an article. Plot_the average number of sylables and the average number of
< words per sentence on a graph to determine the area of readability level.
Choose more passages perjbook if great variability is observed. _
.v' * PR . ’ < b
* . M . v . .‘ - [N
P Short words . Long words 5
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. s Fig. 1. Graph for estymating readability? e
- > e N & .
. g’
2("sed by permission from Edward Fry, Ritgers University Reading Center. Rutgers Uni- :
, versity, New Brunswick, N.]J. The readability graph is not copyrighted. Anyone may repro- R
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Frameworks Aviilable
from the Department -
~ of Education .7«

' adopted for use in California by the State Board of Education, is-one of a

b ]

A s I

The Science Frémework for Cal?forﬁ#ia Pziblz"c'School:, which was o

series of curriculum frameworks that are available for .ﬁurchase from the

California State Departmem of Education. - .. .
The frameworks, {v«.nh date of publication and sellmg pnce >are as -
follows: . ° R -

Art Education Framework (1971) 5.85 L . -
Bilingual-Bicultural Education and English-ds- a‘Second-Language Edu- ~
cation: (4 Framework for Elementary and.Secondary Schools (out of
. print; currently being revised) )

- California Curriculum Frameworks: A Handbookf -Productzon Imple-

mentation, and Evaluation Activities (1977) $.85 \ ~
Drama/Theatre Framework for California Public Sckools (1974) $1.05

-English _Langjge Framework fpr California Public'Schools (1976) $1.50

Foreign Langtiage Framework for California Public Schools (T972) $.85 "
Health- Instructzon Framework for- California Public Schoo[s (1978)

$1.35 : .
Mathematics Framework for Calzjd‘rnza Public Schools (1975), $1.25
Music Framework for Calzfornza Public Schools (1971} $.85 .

~

- Physzc@zl Education Framework for Calzfornza Public Schools-(1973) -

$.85 Co
Framework in Reading for the Elementary and Secondary Schools of ﬁ\:
California (1973) $1.25 4 A
Science Framework for California Publzc Schools (1978) $1.65 '
- Social Sciences Education Framework for California PublchchooLs(‘lQ/o)
" SL10
~ Other publications that may be of interest to the reader are Ihe
-followmg _ .
Curriculum Guide for Teaching (;zfted Children Science in Grades One
Through Three (1977) $.85 o N
Curriculum Guide for Teaching Gifted Children Science in Grades Four
Ekistics: Guide for an Interdzsczplmary Envzronmental Curriculum
(1973) '5.85 .
Handbook on California’s Natural Resources, Vol.. I (1972) $.85 T
Handbook on California’s Natural Resources, Vol. 11 (1970) $.85
Orders should be directed to: * «
California State Department of Educauon
P.O. Box 271 '
Sacramento CA . 95802
Remittance or purchase order must accompany order. Purchase orders
without checks are accepted only from government agencies 'Iin
California. "Six percent sales tax should be added to all orders from
_ California purchasers. o
A complete list of  publications available from the Departmem may be
obtained by writing to the address listed above.
R b

77-62 (03—~0141) 77108 10-78 30M
B



